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ABSTRACT
INTRODUCTION: About one third of the US population and one quarter of the UK population are obese, with increased risks of hypertension,
dyslipidaemia, diabetes, cardiovascular disease, osteoarthritis, and some cancers. Fewer than 10% of overweight or obese adults aged 40
to 49 years revert to a normal body weight after 4 years. Nearly 5 million US adults used prescription weight-loss medication between 1996
and 1998, but one quarter of all users were not overweight. METHODS AND OUTCOMES: We conducted a systematic review and aimed
to answer the following clinical questions: What are the effects of drug treatments in adults with obesity? What are the effects of bariatric
surgery in adults with morbid obesity? We searched: Medline, Embase, The Cochrane Library, and other important databases up to
September 2010 (Clinical Evidence reviews are updated periodically; please check our website for the most up-to-date version of this review).
We included harms alerts from relevant organisations such as the US Food and Drug Administration (FDA) and the UK Medicines and
Healthcare products Regulatory Agency (MHRA). RESULTS: We found 39 systematic reviews, RCTs, or observational studies that met
our inclusion criteria. We performed a GRADE evaluation of the quality of evidence for interventions. CONCLUSIONS: In this systematic
review, we present information relating to the effectiveness and safety of the following interventions: bariatric surgery versus medical inter-
ventions, biliopancreatic diversion, diethylpropion, gastric bypass, gastric banding, mazindol, orlistat (alone and in combination with sibutramine),
phentermine, sibutramine (alone and in combination with orlistat), sleeve gastrectomy, and vertical banded gastroplasty.
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What are the effects of drug treatments in adults with obesity?. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
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Trade off between benefits and harms
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Sibutramine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
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fects) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

 Unknown effectiveness
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Mazindol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
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obese adults, but operative complications common) . .
1 2

Gastric bypass . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

Gastric banding . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

Vertical banded gastroplasty . . . . . . . . . . . . . . . . . 19

Biliopancreatic diversion . . . . . . . . . . . . . . . . . . . . . 20

 Unknown effectiveness

Sleeve gastrectomy . . . . . . . . . . . . . . . . . . . . . . . . 21

Covered elsewhere in Clinical Evidence

Obesity in children

Effects of weight loss in preventing cardiovascular dis-
ease in the general population: see review on primary
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Key points

• About one third of the US population and one quarter of the UK population are obese, with increased risks of hy-
pertension, dyslipidaemia, diabetes, CVD, osteoarthritis, and some cancers.

Fewer than 10% of overweight or obese adults aged 40 to 49 years revert to a normal body weight after 4 years.

Nearly 5 million US adults used prescription weight-loss medication between 1996 and 1998, but one quarter of
all users were not overweight.

• Orlistat, phentermine, and sibutramine may promote modest weight loss (an additional 1–7 kg lost) compared with
placebo in obese adults having lifestyle interventions, but they can all cause adverse effects.

Sibutramine may be more effective at promoting weight loss compared with orlistat, although not in obese people
with type 2 diabetes or hypertension.

We don't know whether combining orlistat and sibutramine treatment leads to greater weight loss than with either
treatment alone.

We don't know whether diethylpropion and mazindol are effective at promoting weight loss in people with obesity.

Orlistat has been associated with GI adverse effects.
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Phentermine has been associated with heart and lung problems.

Sibutramine has been associated with cardiac arrhythmias and cardiac arrest. In January 2010, the European
Medicines Agency suspended marketing authorisation of sibutramine in the European Union because of the in-
creased risk of non-fatal myocardial infarctions and strokes.

In October 2010, the FDA requested the withdrawal of sibutramine from the US market because of the increased
risk of adverse cardiovascular events.

Rimonabant has been associated with an increased risk of psychiatric disorders.

• Bariatric surgery (gastric bypass, vertical banded gastroplasty, biliopancreatic diversion, or gastric banding) may
increase weight loss compared with no surgery in people with morbid obesity.

• Compared with each other, we don't know whether gastric bypass, vertical banded gastroplasty,  biliopancreatic
diversion, or gastric banding is the most effective surgery or the least harmful.

We don't know whether sleeve gastrectomy is effective.

Bariatric surgery may result in loss of >20% of body weight, which may be largely maintained for 10 years.

Operative and postoperative complications are common, and on average 0.28% of people die within 30 days of
surgery. Mortality may be as high as 2% in some high-risk populations. However, surgery may reduce long-term
mortality compared with no surgery.

DEFINITION Obesity is a chronic condition characterised by an excess of body fat. It is most often defined by
the BMI, a mathematical formula that is highly correlated with body fat. BMI is weight in kilograms
divided by height in metres squared (kg/m2). Worldwide, adults with a BMI of 25 kg/m2 to 30 kg/m2

are categorised as overweight, and those with a BMI above 30 kg/m2 are categorised as obese.
[1] [2]  Nearly 5 million US adults used prescription weight-loss medication between 1996 and 1998.
One quarter of users were not overweight. Inappropriate use of prescription medication is more
common among women, white people, and Hispanic people. [3] The National Institutes of Health
(NIH) in the US has issued guidelines for obesity treatment, which indicate that all obese adults
(BMI >30 kg/m2), and all adults with a BMI of 27 kg/m2 or more and with obesity-associated
chronic diseases are candidates for drug treatment. [1]  Morbidly obese adults (BMI >40 kg/m2),
and all adults with a BMI of 35 kg/m2 or more and with obesity-associated chronic diseases are
candidates for bariatric surgery.

INCIDENCE/
PREVALENCE

Obesity has increased steadily in many countries since 1900. In the UK in 2002, it was estimated
that 23% of men and 25% of women were obese. [4]  In the past decade alone, the prevalence of
obesity in the US has increased from 22.9% between 1988 and 1994, to 34% in 2006. [5] [6]

AETIOLOGY/
RISK FACTORS

Obesity is the result of long-term mismatches in energy balance, where daily energy intake exceeds
daily energy expenditure. [7]  Energy balance is modulated by a myriad of factors, including
metabolic rate, appetite, diet, and physical activity. [8]  Although these factors are influenced by
genetic traits, the increase in obesity prevalence in the past few decades cannot be explained by
changes in the human gene pool, and it is more often attributed to environmental changes that
promote excessive food intake and discourage physical activity. [8] [9]  Less commonly, obesity
may also be induced by drugs (e.g., high-dose glucocorticoids, antipsychotics, antidepressants,
oral hypoglycaemic agents, and antiepileptic drugs), or be secondary to various neuroendocrine
disorders, such as Cushing's syndrome and PCOS. [10]

PROGNOSIS Obesity is a risk factor for several chronic diseases, including hypertension, dyslipidaemia, diabetes,
CVD, sleep apnoea, osteoarthritis, and some cancers. [1] The relationship between increasing
body weight and mortality is curvilinear, where mortality is highest among adults with very low body
weight (BMI <18.5 kg/m2) and among adults with the highest body weight (BMI >35 kg/m2). [2]

Obese adults have more annual admissions to hospitals, more outpatient visits, higher prescription
drug costs, and worse health-related quality of life than normal-weight adults. [11] [12]  Fewer than
10% of overweight or obese adults aged 40 to 49 years revert to a normal body weight after 4
years. [13]

AIMS OF
INTERVENTION

To achieve realistic gradual weight loss, and prevent the morbidity and mortality associated with
obesity, without undue adverse effects.

OUTCOMES Reduction in mortality: we found no RCTs that assessed the primary outcome of reduction in
mortality associated with obesity. Weight loss: proxy measures assessed in studies included mean
weight loss (kg), proportion of people losing 5% or more of baseline body weight, and proportion
of people maintaining weight loss. Adverse effects of treatment.
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METHODS Clinical Evidence search and appraisal September 2010. The following databases were used to
identify studies for this systematic review: Medline 1966 to September 2010, Embase 1980 to
September 2010, and The Cochrane Database of Systematic Reviews and Cochrane Central
Register of Controlled Clinical Trials 2010: August (online; 1966 to date of issue).We also searched
for retractions of studies included in the review. When editing this review we used The Cochrane
Database of Systematic Reviews 2010, Issue 3. Abstracts of the studies retrieved from the initial
search were assessed by an information specialist. Selected studies were then sent to the contrib-
utor for additional assessment, using predetermined criteria to identify relevant studies. Study design
criteria for inclusion in this review were: published systematic reviews of RCTs and of observational
studies for surgery in any language. RCTs for drug interventions had to be at least single blinded;
for surgical interventions open or blinded studies were acceptable. Studies had to contain 20 or
more people. We have excluded RCTs assessing drug treatments with <4 months' follow-up, and
RCTs assessing surgical treatments with <1 year's follow-up. We included systematic reviews of
RCTs and RCTs where harms of an included intervention were studied applying the same study
design criteria for inclusion as we did for benefits. We have also excluded RCTs with >30% loss
to follow-up unless they performed an intention-to-treat analysis. However, such RCTs may be in-
cluded in the meta-analyses of systematic reviews. We did not perform a search for observational
studies of bariatric surgery. However, we have included all observational studies of bariatric surgery
identified by systematic reviews. In addition we use a regular surveillance protocol to capture harms
alerts from organisations such as the FDA and the MHRA, which are added to the reviews as re-
quired. To aid readability of the numerical data in our reviews, we round many percentages to the
nearest whole number. Readers should be aware of this when relating percentages to summary
statistics such as relative risks (RRs) and odds ratios (ORs). We have performed a GRADE evalu-
ation of the quality of evidence for interventions included in this review (see table, p 24 ). The cat-
egorisation of the quality of the evidence (high, moderate, low, or very low) reflects the quality of
evidence available for our chosen outcomes in our defined populations of interest.These categori-
sations are not necessarily a reflection of the overall methodological quality of any individual study,
because the Clinical Evidence population and outcome of choice may represent only a small subset
of the total outcomes reported, and population included, in any individual trial. For further details
of how we perform the GRADE evaluation and the scoring system we use, please see our website
(www.clinicalevidence.com).

QUESTION What are the effects of drug treatments in adults with obesity?

OPTION ORLISTAT. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Weight loss
Compared with placebo Orlistat is more effective at increasing weight loss at 6 to 12 months in obese people who
are on a low-calorie diet irrespective of having diabetes, hyperlipidaemia, hypertension, or binge eating disorder, but
its effects in people with weight gain related to treatment with antipsychotic drugs are less clear (moderate-quality
evidence).

Compared with sibutramine Orlistat may be less effective at increasing weight loss in obese people without comor-
bidities, but we don't know how orlistat and sibutramine compare in people with type 2 diabetes or hypertension (low-
quality evidence).

Compared with orlistat plus sibutramine Orlistat seems less effective at increasing weight loss at 6 months in obese
people who are also on a reduced-calorie diet (moderate-quality evidence).

Adverse effects
Compared with placebo Orlistat is associated with an increased risk of GI adverse effects such as diarrhoea, flatulence,
bloating, and abdominal pain (moderate-quality evidence).

Note
We found no clinically important results from RCTs on orlistat compared with diethylpropion, mazindol, or phentermine
in obese people.

For GRADE evaluation of interventions for obesity in adults,  see table , p 24 .

Benefits: Orlistat versus placebo:
We found three systematic reviews (search dates 2003, [14]  2004, [15]  and 2006 [16] ), which between
them identified 23 RCTs (11 of which were identified by all 3 reviews) comparing orlistat versus
placebo. We also found 4 additional RCTs, [17] [18] [19] [20]  and one subsequent RCT. [21]  In all
the RCTs identified by the reviews, [14] [15] [16]  and in the 4 additional RCTs, [17] [18] [19] [20]

people treated with orlistat also followed a low-calorie diet.
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The reviews meta-analysed results from RCTs with similar study design and dose of orlistat. The
reviews differed slightly in their inclusion criteria for minimum BMI (varied from 25 kg/m2 to 30 kg/m2

or >27 kg/m2 plus 1 or more obesity-related comorbidity), and one review specified a minimum
follow-up of 1 year [16]  (not set in the other reviews). One review reported subgroup analysis in
people with comorbidities. [15] We have therefore reported results from all three reviews.

All three reviews found that orlistat significantly increased weight loss at 1 year compared with
placebo, with mean weight loss being similar in all three reviews (mean weight loss ranged from
2.83 kg to 2.89 kg). [14] [15] [16]

The first review found that orlistat significantly increased the mean difference in weight loss at 12
months compared with placebo in people with a minimum BMI of 27 kg/m2 (22 RCTs; number of
people in analysis not reported; mean difference in weight loss: –2.89 kg, 95% CI –3.51 kg to
–2.27 kg). [14]

The second review also found that orlistat significantly increased mean weight loss at 12 months
compared with placebo in people with a minimum BMI of >25 kg/m2 (17 RCTs, 10,041 people;
WMD in weight loss –2.83 kg, 95% CI –3.54 kg to –2.13 kg). [15] The review also performed separate
meta-analyses comparing orlistat versus placebo in people with type 2 diabetes mellitus and other
high-risk cardiovascular factors (dyslipidaemia or hypertension). [15]  It found that orlistat significantly
increased mean weight loss compared with placebo in people with type 2 diabetes mellitus and in
people with other high-risk cardiovascular factors (type 2 diabetes: 4 RCTs, 1729 people; WMD in
weight loss –2.50 kg, 95% CI –2.97 kg to –2.02 kg; high-risk population: 4 RCTs, 1480 people;
WMD in weight loss –2.04 kg, 95% CI –3.21 kg to –0.88 kg). [15]

The third review found that orlistat significantly increased mean weight loss at 12 months compared
with placebo in people with a minimum BMI of 30 kg/m2 or >27 kg/m2 plus one or more obesity-
related comorbidity (14 RCTs, 9457 people; WMD in weight loss –2.87 kg, 95% CI –3.21 kg to
–2.53 kg). [16] The review also found that a significantly larger proportion of people lost 5% or more
of their initial body weight with orlistat compared with placebo (14 RCTs, 9389 people; 2652/4931
[54%] with orlistat v 1468/4458 [33%] with placebo; risk difference 0.21, 95% CI 0.18 to 0.24).

The first additional RCT (90 obese people with type 2 diabetes, hypertension, and metabolic syn-
drome) found that orlistat (120 mg 3 times daily) significantly increased weight loss at 6 months
compared with placebo (mean weight loss –5.6 kg with orlistat v –2.6 kg with placebo; P <0.001).
[17]

The second additional RCT (384 obese people with dyslipidaemia) found that orlistat (120 mg 3
times daily) significantly increased weight loss at 6 months compared with placebo (mean weight
loss –7.4 kg with orlistat v –4.9 kg with placebo; P <0.01). [18]

The third additional RCT (1004 obese people with hypertension [614 people], dyslipidaemia [197
people], or type 2 diabetes [193 people]) found that orlistat (120 mg 3 times daily) significantly in-
creased weight loss at 6 months compared with placebo in all populations (mean weight loss in
people with type 2 diabetes: –3.9 kg with orlistat v –1.3 kg with placebo; hypertension: –5.8 kg with
orlistat v –1.8 kg with placebo; dyslipidaemia: –5.0 kg with orlistat v –2.1 kg with placebo; P <0.0001
for all comparisons). [19]

The fourth additional RCT (89 obese people with binge eating disorder) found that orlistat (120 mg
3 times daily) significantly increased weight loss at 24 weeks compared with placebo (mean %
weight lost of initial body weight: 7% with orlistat v 2% with placebo; P = 0.0001). [20]

The subsequent RCT (63 obese people having treatment with clozapine or olanzapine for a serious
mental condition) found no significant difference between orlistat (120 mg 3 times daily) and
placebo in weight loss at 16 weeks (mean change in weight: –1.25 kg with orlistat v +0.44 kg with
placebo; P = 0.101). [21]  Unlike other RCTs of orlistat, people enrolled in the trial, although encour-
aged to limit their calorie intake, continued on their usual diet. Subgroup analysis based on sex
found that, compared with placebo, orlistat significantly increased weight loss at 16 weeks in men
(41 men; mean change in weight: –2.36 kg with orlistat v +0.62 kg with placebo; P = 0.011), but
not in women (22 women; mean change in weight: +1.94 kg with orlistat v +0.22 kg with placebo;
P = 0.397). The RCT also found no significant difference between groups in the proportion of
people losing 5% or more of their initial body weight (5/31 [16%] with orlistat v 2/32 [6%] with
placebo; P = 0.257).

Orlistat versus sibutramine:
See benefits of sibutramine, p 6 .
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Orlistat versus other drugs:
We found one systematic review (search date 1999), which identified no RCTs comparing orlistat
versus diethylpropion, mazindol, or phentermine. [22]

Orlistat alone versus orlistat plus sibutramine:
See benefits of sibutramine plus orlistat, p 9 .

Harms: Orlistat versus placebo:
The first review found that orlistat was associated with a significantly higher risk of GI adverse effects
including diarrhoea, flatulence, bloating, abdominal pain, and dyspepsia after 6 to 12 months of
treatment compared with placebo (29 RCTs; diarrhoea: OR 54.85, 95% CI 44.88 to 67.48; flatulence:
OR 3.72, 95% CI 3.16 to 4.39; bloating, abdominal pain, and dyspepsia: OR 1.55, 95% CI 1.18 to
2.06; absolute numbers not reported for any outcome). [14]

The second review also found that orlistat was associated with a significantly higher risk of GI ad-
verse effects at 1 year compared with placebo (16 RCTs, 9558 people; RR of at least one GI adverse
effect: 1.46, 95% CI 1.37 to 1.55; absolute numbers not reported; details of GI adverse effects not
described). [15]

The third review found that orlistat was associated with a significantly higher rate of GI adverse
effects compared with placebo (14 RCTs, 8938 people; 3805/4684 [81%] with orlistat v 2407/4254
[57%] with placebo; risk difference 0.24, 95% CI 0.20 to 0.29). [16] The most commonly reported
GI adverse effects reported were fatty/oily stool, faecal urgency, and oily spotting.

The first additional RCT found that orlistat increased the proportion of people with GI adverse
events at 4 weeks (36% with orlistat v 24% with placebo; absolute numbers not reported; significance
not assessed). [17] The second additional RCT gave no information on adverse effects. [18] The
third additional RCT found that orlistat was associated with a significantly higher withdrawal rate
because of adverse GI effects (mainly defecation difficulties) compared with placebo (10/499 [2.0%]
with orlistat v 2/505 [0.4%] with placebo; P = 0.01). [19] The fourth additional RCT gave no information
on adverse effects. [20]

The subsequent RCT found that a similar proportion of people in the orlistat and placebo groups
experienced diarrhoea (11/31 [35%] with orlistat v 9/32 [28%] with placebo; significance not as-
sessed). [21]

Orlistat versus sibutramine:
See harms of sibutramine, p 6 .

Orlistat versus other drugs:
We found no RCTs.

Orlistat alone versus orlistat plus sibutramine:
See harms of sibutramine plus orlistat, p 9 .

Comment: Because of the high rates of GI adverse effects associated with orlistat, it remains unclear whether
blinded evaluation of its effects is possible. [23]  At the end of a double-blinded 16-week trial, 22/26
(85%) people correctly identified their treatment group.

OPTION PHENTERMINE. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Weight loss
Compared with placebo Phentermine seems more effective at increasing weight loss in obese people undertaking
additional lifestyle interventions (moderate-quality evidence).

Compared with diethylpropion Phentermine may be more effective at increasing weight loss (low-quality evidence).

Note
Phentermine may be associated with heart and lung problems. We found no direct information from RCTs about
weight regain and long-term safety of phentermine in the treatment of adults with obesity. We found no clinically
important results from RCTs about phentermine compared with orlistat or sibutramine in obese people.

For GRADE evaluation of interventions for obesity in adults, see table, p 24 .

Benefits: Phentermine versus placebo:
We found one systematic review (search date 1999; 6 RCTs, 368 people) comparing phentermine
15 mg to 30 mg daily versus placebo in obese adults, with a mean follow-up of 13.2 weeks (range
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2–24 weeks). [22]  Most of the people treated with phentermine received additional lifestyle interven-
tions. The review found that phentermine produced significantly more weight loss compared with
placebo (effect size <0.6 [information presented graphically]; mean difference in weight loss between
phentermine and placebo in the 6 RCTs ranged from 0.6 kg to 6.0 kg).

Phentermine versus diethylpropion:
We found one systematic review, which found that phentermine significantly increased weight loss
compared with diethylpropion (search date 1999; 1 RCT, 99 people; mean weight loss: –8.3 kg
with phentermine v –6.3 kg with diethylpropion; effect size: 0.57, CI not reported). [22]

Phentermine versus other drugs:
We found one systematic review, which found no RCTs comparing phentermine versus orlistat,
rimonabant, or sibutramine. [22]

Harms: Phentermine versus placebo/diethylpropion/other drugs:
The systematic review gave no information on adverse effects. [22]

Phentermine given alone has not been associated with valvular heart disease. [24]  A European
Commission review reported that, although no new safety problems were identified with phentermine,
a link between phentermine and heart and lung problems could not be totally excluded. [25]

Comment: Data regarding the safety and efficacy of phentermine are limited compared with orlistat and sibu-
tramine, and high withdrawal rates have been reported for phentermine. These factors should be
considered when making decisions regarding the use of phentermine.

OPTION SIBUTRAMINE. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Weight loss
Compared with placebo Sibutramine is more effective at 4 to 12 months at increasing weight loss in obese people
who are undertaking dietary interventions with or without exercise, irrespective of co-existing conditions such as di-
abetes, hypertension, hyperlipidaemia, binge eating disorder, or CAD (moderate-quality evidence).

Compared with orlistat Sibutramine may be more effective at increasing weight loss in obese people without comor-
bidities, but we don't know how sibutramine and orlistat compare in people with type 2 diabetes or hypertension (low-
quality evidence).

Compared with sibutramine plus orlistat We don't know whether sibutramine alone is more effective at increasing
weight loss at 6 months in obese people who are also on a reduced-calorie diet or at maintaining weight loss at 16
weeks in obese people with a modified lifestyle who have taken it for 1 year (very low-quality evidence).

Note
Sibutramine has been associated with increases in systolic and diastolic blood pressure, heart rate, and total as well
as LDL cholesterol; conversely, it has been associated with modest decreases in triglyceride levels, fasting serum
glucose levels, and glycosylated haemoglobin levels, and with modest increases in HDL cholesterol levels. In January
2010, the European Medicines Agency (EMEA) suspended marketing authorisation of sibutramine in the European
Union because of the increased risk of non-fatal myocardial infarctions and strokes. In October 2010, the FDA re-
quested the withdrawal of sibutramine from the US market because of the increased risk of adverse cardiovascular
events.

For GRADE evaluation of interventions for obesity in adults, see table, p 24 .

Benefits: Sibutramine versus placebo:
We found two systematic reviews, [26] [16]  two additional RCTs, [27] [28]  and two subsequent RCTs
comparing sibutramine versus placebo. [29] [30] The two reviews, which between them identified
34 RCTs, differed in their inclusion criteria, and so included different RCTs in their meta-analysis.
We report both reviews here. Most of the people treated with sibutramine received additional dietary
interventions, and many also received an exercise intervention. The first review suggested that
weight loss with sibutramine is associated with both positive and negative changes in cardiovascular
and metabolic risk factors. [26]

The first review (search date 2002; 29 RCTs [number of people not reported] in people with BMI
25–40 kg/m2, some with diabetes, hypertension, hyperlipidaemia, or binge eating disorder) included
unpublished RCTs (authors of the review contacted key researchers in the field and pharmaceutical
companies), and RCTs with a minimum follow-up of 8 weeks. [26] The review meta-analysed data
in three groups based on follow-up of 8 to 12 weeks, 16 to 24 weeks, and 44 to 54 weeks. For drug
interventions, our minimum length of follow-up for reporting is 4 months, and so we report only
meta-analysis of data at 16 weeks or more of follow-up. All the meta-analyses found that sibutramine
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significantly increased weight loss compared with placebo. Trials of 16 to 24 weeks' duration, all
comparing sibutramine 10 mg to 15 mg daily versus placebo, were meta-analysed in three subgroups
because of significant heterogeneity among the trials in methods of analysis (statistically heteroge-
neous; P <0.001). All the meta-analyses found that sibutramine significantly increased weight loss
compared with placebo (4 RCTs [484 people] that used last-observation-carried-forward analysis
and had >70% follow-up: WMD –3.43 kg, 95% CI –4.50 kg to –2.36 kg; 5 RCTs [473 people] that
assessed completers: –6.03 kg, 95% CI –7.36 kg to –4.70 kg; 3 RCTs [222 people] with follow-up
of <70%: –5.06 kg, 95% CI –6.16 kg to –3.96 kg); people who completed the trial had the greatest
weight loss. The review also found that sibutramine 10 mg to 15 mg daily significantly increased
weight loss at 45 to 54 weeks compared with placebo (5 RCTs, 2188 people; WMD –4.45 kg, 95%
CI –5.29 kg to –3.62 kg). The review found similar rates of weight loss in trials that specifically re-
cruited obese adults with type 2 diabetes mellitus, hypertension, or hyperlipidaemia, and in trials
in obese adults who did not have comorbidities (data not reported in review). [26]

The second review (search date 2006; 10 RCTs, 2348 people with BMI 30 kg/m2 or >27 kg/m2 plus
1 or more obesity-related comorbidity) included only published RCTs with a minimum length of
follow-up of 1 year. [16] The review found that sibutramine significantly increased mean weight loss
at 12 months compared with placebo (10 RCTs, 2348 people; WMD weight loss –4.16 kg, 95% CI
–4.73 kg to –3.59 kg).The review also found that a significantly larger proportion of people lost 5%
or more of their initial body weight with sibutramine compared with placebo (7 RCTs, 1464 people;
443/808 [57%] with sibutramine v 174/656 [25%] with placebo; risk difference 0.32, 95% CI 0.27
to 0.37). The review combined data on weight loss from RCTs separately assessing weight loss
and weight maintenance in the same analysis.

The first additional RCT (48 obese adults with type 2 diabetes) compared sibutramine 15 mg daily
versus placebo for 6 months. [27]  It found that sibutramine significantly increased mean weight loss
at 6 months compared with placebo (–2.4 kg with sibutramine v –0.7 kg with placebo; P <0.05).
The second additional RCT (80 obese adults with CAD) compared sibutramine 10 mg daily versus
placebo for 4 months. [28]  It found that sibutramine significantly increased percentage weight reduc-
tion from initial body weight at 4 months compared with placebo (11% with sibutramine v 2% with
placebo; P <0.001).

The first subsequent RCT (138 people with BMI 30 kg/m2 or more and who had type 2 diabetes
mellitus and inadequate glycaemic control on a sulphonylurea or metformin) compared sibutramine
10 mg daily versus placebo for 6 months. [29]  It found that sibutramine significantly increased weight
loss at 6 months compared with placebo (change in body weight from baseline: from 102 kg to
96 kg with sibutramine v from 101 kg to 100 kg with placebo; P <0.05). Before randomisation to
sibutramine or placebo, all people enrolled completed a 3-month run-in period in which they took
a fixed dose of pioglitazone, and started a low-calorie diet (about 600 kcal daily deficit). Treatment
with pioglitazone continued for the duration of the study. The RCT reported no large changes in
body weight in the run-in phase in either group. [29] The second subsequent RCT (171 people with
BMI of 27–45 kg/m2 and hypertension) compared sibutramine 15 mg daily versus placebo over 16
weeks. [30]  It found that sibutramine significantly increased mean weight loss at 16 weeks compared
with placebo (–5.7 kg with sibutramine v –1.5 kg with placebo; P <0.0001). The RCT also found
that a significantly larger proportion of people lost 5% or more of their initial body weight with
sibutramine compared with placebo (54.7% with sibutramine v 14.5% with placebo; absolute
numbers not reported; P <0.0001). General dietary and exercise advice was given to people enrolled
in the RCT. [30]

Sibutramine versus orlistat:
We found one systematic review (search date 2007; 8 RCTs, 885 people, some with diabetes or
hypertension) comparing sibutramine versus orlistat. [31] The review found that sibutramine (10 mg
daily in 6 RCTs, 15 mg daily in 1 RCT, and 20 mg daily in 1 RCT) significantly increased weight
loss compared with orlistat (120 mg 3 times daily) at 3 to 12 months (median duration 7 months;
7 RCTs, 795 people; WMD in weight loss –2.2 kg, 95% CI –3.9 kg to –0.5 kg). However, the review
reported significant heterogeneity among the RCTs (statistically heterogeneous: P <0.001). Two
of the RCTs included in the meta-analysis were subgroup analyses of people with type 2 diabetes
or hypertension.When meta-analysing results in people with and without comorbidities separately,
results of both meta-analyses were statistically homogeneous. Analysis of those RCTs not specif-
ically assessing people with type 2 diabetes or hypertension found the difference in weight loss at
3 to 8.8 months between sibutramine and orlistat to be significant in favour of sibutramine (5 RCTs,
478 people; WMD in weight loss –3.4 kg, 95% CI –4.6 kg to –2.3 kg). However, in people with type
2 diabetes or hypertension, the review found no significant difference in weight loss at 12 months
between sibutramine and orlistat (2 RCTs, 253 people;WMD in weight loss +0.4 kg, 95% CI –0.6 kg
to +1.4 kg).
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Sibutramine versus diethylpropion, mazindol, or phentermine:
We found one systematic review (search date 1999), which identified no RCTs comparing sibu-
tramine versus diethylpropion, mazindol, or phentermine. [22]

Sibutramine plus orlistat:
See benefits of sibutramine plus orlistat, p 9 .

Harms: Sibutramine was temporarily suspended from the market in Italy in March 2002 in response to 50
reported adverse reactions, including 7 severe adverse reactions (tachycardia, hypertension, and
arrhythmia) and two deaths resulting from cardiac arrest. The Central European Committee for
Proprietary Medicinal Products completed a review of sibutramine in June 2002, and concluded
that the risk–benefit profile of sibutramine remained in favour of benefit; it therefore lifted the sus-
pension in August 2002. [32]  However, sibutramine has subsequently been evaluated by the Euro-
pean Medicines Agency (EMEA). The Agency's Committee for Medicinal Products for Human Use
concluded that the risks are greater than the benefits and recommended suspending marketing of
sibutramine in the European Union in January 2010. Additionally, since the search date of this review,
the FDA has concluded that the risk for an adverse cardiovascular event outweighs the modest
weight loss observed with sibutramine and has requested the withdrawal of this drug product from
the US market (see drug safety alert below for further information).

Sibutramine versus placebo:
We found no evidence about adverse effects after more than 1 year of treatment.

General adverse effects:
The first review found that sibutramine was associated with increased total and LDL cholesterol
levels at 16 to 24 weeks compared with placebo (increase in total cholesterol [data reported are
mean difference of sibutramine minus placebo]: –1.9 mg/dL to +1.8 mg/dL; increase in LDL
cholesterol: 0.6 mg/dL to 2.6 mg/dL); however, no difference from baseline levels was noted at 44
to 54 weeks. [26]

The second review reported that insomnia, nausea, dry mouth, and constipation were more common
in people receiving sibutramine, occurring at frequency rates of 7% to 20% (absolute numbers not
reported; significance not assessed). [16]

The first additional RCT found no significant difference between sibutramine and placebo in serum
triglycerides, total cholesterol, LDL cholesterol, or HDL cholesterol (triglycerides: 1.9 mmol/L with
sibutramine v 2.6 mmol/L with placebo; total cholesterol: 4.9 mmol/L in each group; LDL cholesterol:
3.0 mmol/L with sibutramine v 2.8 mmol/L with placebo; HDL cholesterol: 1.1 mmol/L with sibu-
tramine v 1.0 mmol/L with placebo; all comparisons reported as not significant; P value not reported
for any outcome). [27]

Cardiovascular adverse effects:
The first review found that sibutramine increased systolic blood pressure and diastolic blood pressure
compared with placebo (mean difference in systolic blood pressure [data reported are mean differ-
ence of sibutramine minus placebo]: range from –1.6 mmHg to +5.6 mmHg at 16–24 weeks in
several RCTs, +4.6 mmHg at 44–54 weeks; mean difference in diastolic blood pressure: +1.6 mmHg
at 8–12 weeks, –0.8 mmHg to +1.7 mmHg at 16–24 weeks, and +2.8 mmHg at 44–54 weeks in
several RCTs). [26] The review found significant heterogeneity (statistically heterogeneous; P <0.001)
among RCTs assessing blood pressure and reported change in systolic and diastolic blood pressures
across RCTs. It also found that sibutramine significantly increased heart rate compared with
placebo (increase in heart rate 0.75–5.9 bpm at 16–24 weeks, and 5.9 bpm at 44–54 weeks). [26]

The second review also found that, compared with placebo, sibutramine was associated with sig-
nificant increases in systolic (7 RCTs, 1906 people; WMD 1.69 mmHg, 95% CI 0.11 mmHg to
3.28 mmHg) and diastolic blood pressure at 12 months (7 RCTs, 1906 people; WMD 2.42 mmHg,
95% CI 1.51 mmHg to 3.32 mmHg). [16]  Sibutramine was also associated with significant increase
in heart rate at 12 months compared with placebo (7 RCTs, 1658 people; WMD in heart rate
4.53 bpm, 95% CI 3.49 bpm to 5.57 bpm).

The first additional RCT found no significant difference between sibutramine and placebo in heart
rate, systolic blood pressure, or diastolic blood pressure (heart rate: 74 bpm in both groups; systolic
blood pressure: 135 mmHg with sibutramine v 133 mmHg with placebo; diastolic blood pressure:
87 mmHg with sibutramine v 88 mmHg with placebo; all comparisons reported as not significant;
P value not reported for any outcome). [27] The second additional RCT reported no differences in
mean systolic or diastolic blood pressure, or in heart rate during the 4-month follow-up between
the sibutramine and placebo groups (absolute numbers not reported; significance not assessed).
[28]
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The first subsequent RCT found that the change in systolic blood pressure and diastolic blood
pressure at 6 months was similar with sibutramine and placebo (change from baseline; systolic
blood pressure: from 135.6 mmHg to 133.2 mmHg with sibutramine v from 136.1 mmHg to
134.4 mmHg with placebo; diastolic blood pressure: from 86.9 mmHg to 84.0 mmHg with sibutramine
v from 85.9 mmHg to 84.2 mmHg with placebo; significance not assessed for either outcome). [29]

The RCT gave no information on other adverse effects. The second subsequent RCT found no
significant difference between sibutramine and placebo in change in systolic or diastolic blood
pressure at 16 weeks (mean change from baseline; systolic blood pressure: –5.9 mmHg with
sibutramine v –4.8 mmHg with placebo; P = 0.5494; diastolic blood pressure: –0.7 mmHg with
sibutramine v –2.3 mmHg with placebo; P = 0.1785). [30]  However, the RCT found that sibutramine
was associated with a significant increase in 24-hour diastolic blood pressure at 16 weeks compared
with placebo (mean change from baseline: +2.1 mmHg with sibutramine v –0.3 mmHg with placebo;
P = 0.0403), but there was no significant difference between groups in 24-hour systolic blood
pressure (–0.3 mmHg with sibutramine v –0.9 mmHg with placebo; P = 0.6939). Similarly, the RCT
found that sibutramine was associated with a significant increase in heart rate at 16 weeks compared
with placebo (mean change from baseline heart rate: +4.5 bpm with sibutramine v –1.4 bpm with
placebo; P <0.0001). [30]

We found two further RCTs assessing the effects of sibutramine on heart-valve function. [33] [34]

Both of these RCTs may have been too small to detect clinically important adverse effects. The
first RCT (210 obese people) compared sibutramine versus placebo for 12 months. [34]  It found no
significant difference in the incidence of valvular disease between sibutramine and placebo (3/133
[2.3%] with sibutramine 15–20 mg/day v 2/77 [2.6%] with placebo; OR 0.87, 90% CI 0.19 to 3.97).
The trial gave no information on efficacy.The second RCT (184 obese people) compared sibutramine
10 mg or 20 mg daily versus placebo. [33]  It reported no change in valvular appearance on
echocardiogram in any group (no statistical comparisons between or within groups reported). [33]

Sibutramine versus orlistat:
The systematic review gave no information on treatment-related adverse effects. [31] The review
found no significant difference between sibutramine and orlistat in rate of withdrawal (4 RCTs, 369
people; 9/184 [5%] with sibutramine v 16/185 [9%] with orlistat; RR 0.6, 95% CI 0.3 to 1.4). How-
ever, the review noted that three of four RCTs included in the meta-analysis reported a lower risk
of withdrawal with sibutramine compared with orlistat.

Sibutramine versus diethylpropion, mazindol, or phentermine:
We found no RCTs comparing sibutramine versus other drugs.

Sibutramine plus orlistat:
See harms of sibutramine plus orlistat, p 9 .
Drug safety alert:
The European Medicines Agency (EMEA) has suspended marketing of sibutramine because of
the increased risk of non-fatal myocardial infarctions and strokes (www.ema.europa.eu). The FDA
has requested the withdrawal of sibutramine from the US market (www.fda.gov).

Comment: Clinical guide:
Sibutramine has been associated with increases in systolic and diastolic blood pressure, heart
rate, and total as well as LDL cholesterol; conversely, it has been associated with modest decreases
in triglyceride levels, fasting serum glucose levels, glycosylated haemoglobin levels, and modest
increases in HDL cholesterol levels. [16] [26]

OPTION SIBUTRAMINE PLUS ORLISTAT. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Weight loss
Compared with orlistat alone Sibutramine plus orlistat seems more effective at increasing weight loss at 6 months
in obese people who are also on a reduced-calorie diet (moderate-quality evidence).

Compared with sibutramine alone We don't know whether sibutramine plus orlistat is more effective at increasing
weight loss at 6 months in obese people who are also on a reduced-calorie diet or at maintaining weight loss at 16
weeks in obese people with a modified lifestyle who have taken it for 1 year (very low-quality evidence).

Note
Sibutramine has been associated with increases in systolic and diastolic blood pressure, heart rate, and total as well
as LDL cholesterol; conversely, it has been associated with modest decreases in triglyceride levels, fasting serum
glucose levels, and glycosylated haemoglobin levels, and with modest increases in HDL cholesterol levels. In January
2010, the European Medicines Agency (EMEA) suspended marketing authorisation of sibutramine in the European
Union because of the increased risk of non-fatal myocardial infarctions and strokes. In October 2010, the FDA re-
quested the withdrawal of sibutramine from the US market because of the increased risk of adverse cardiovascular
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events We found no direct information from RCTs about whether sibutramine plus orlistat is better than no active
treatment.

For GRADE evaluation of interventions for obesity in adults, see table, p 24 .

Benefits: Sibutramine plus orlistat versus placebo:
We found no systematic review or RCTs.

Sibutramine plus orlistat versus orlistat alone:
We found one RCT comparing three treatments for weight loss for 6 months: sibutramine (15 mg
daily) plus orlistat (120 mg 3 times daily), sibutramine alone (15 mg daily), and orlistat alone (120 mg
3 times daily). [35]  All people enrolled also followed a reduced-calorie diet. It found that sibutramine
plus orlistat significantly increased mean weight loss compared with orlistat alone at 6 months (3-
arm RCT; 89 obese women; mean weight loss: 10.8 kg with sibutramine plus orlistat v 5.5 kg with
orlistat alone; P = 0.002). [35]

Sibutramine plus orlistat versus sibutramine alone:
We found two RCTs, one assessing weight loss [35]  and the other assessing weight-loss mainte-
nance. [23] The first RCT compared three treatments for weight loss for 6 months: sibutramine
(15 mg daily) plus orlistat (120 mg 3 times daily), sibutramine alone (15 mg daily), and orlistat alone
(120 mg 3 times daily). [35]  All people enrolled also followed a reduced-calorie diet.The RCT found
no significant difference between sibutramine plus orlistat and sibutramine alone in weight loss at
6 months (3-arm RCT; 89 obese women; mean weight loss: 10.8 kg with sibutramine plus orlistat
v 10.1 kg with sibutramine alone; P = 0.35). The second RCT compared sibutramine (10–15 mg
daily) plus orlistat (120 mg 3 times daily) versus sibutramine plus placebo for weight-loss mainte-
nance. [23]  It found no significant difference between treatments in mean body weight after 16
weeks (34 women who had completed 1 year of sibutramine alone plus lifestyle modification; mean
change in body weight: +0.1 kg with sibutramine plus orlistat v +0.5 kg with sibutramine plus
placebo; difference reported as not significant; P value not reported). Considering the small study
size and the large withdrawal rate (only 76% of the women completed the study), these results
should be interpreted with caution.

Sibutramine plus orlistat versus other drugs:
We found no RCTs.

Harms: Sibutramine plus orlistat versus placebo:
We found no RCTs.

Sibutramine plus orlistat versus orlistat alone:
The RCT gave no information on adverse effects. [35]

Sibutramine plus orlistat versus sibutramine alone:
The first RCT gave no information on adverse effects. [35] The second RCT found that sibutramine
plus orlistat significantly increased GI adverse effects (soft stools, bowel movements, oily evacuation,
and faecal urge) compared with sibutramine plus placebo at 68 weeks (soft stools: 50% with sibu-
tramine plus orlistat v 9% with sibutramine plus placebo; P = 0.04; increased frequency of bowel
movements: 50% with sibutramine plus orlistat v 9% with sibutramine plus placebo; P = 0.04; oily
evacuation: 43% with sibutramine plus orlistat v 0% with sibutramine plus placebo; P = 0.02; faecal
urgency: 43% with sibutramine plus orlistat v 9% with sibutramine plus placebo; P = 0.02). [23]

For further information on adverse effects associated with sibutramine, see harms of sibutramine
alone, p 6 .

Sibutramine plus orlistat versus other drugs:
We found no RCTs.
Drug safety alert:
The European Medicines Agency (EMEA) has suspended marketing of sibutramine because of
the increased risk of non-fatal myocardial infarctions and strokes (www.ema.europa.eu). The FDA
has requested the withdrawal of sibutramine from the US market (www.fda.gov).

Comment: None.

OPTION DIETHYLPROPION. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Weight loss
Compared with placebo Diethylpropion may be more effective at 6 months at increasing weight loss in obese adults
who are on a hypocaloric diet (low-quality evidence).
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Compared with phentermine Diethylpropion may be less effective at increasing weight loss (low-quality evidence).

Adverse effects
Compared with placebo Diethylpropion may be associated with an increased risk of dry mouth and insomnia at the
beginning of therapy in obese adults who are on a hypocaloric diet (low-quality evidence).

For GRADE evaluation of interventions for obesity in adults, see table , p 24 .

Benefits: Diethylpropion versus placebo:
We found one RCT (69 adults with a BMI of 30–45 kg/m2) comparing diethylpropion versus
placebo for 6 months (data from the phase 2 open-label extension in which all people who completed
phase 1 of the trial then received diethylpropion for an additional 6 months are not included in this
review). [36]  All participants were instructed to follow a hypocaloric diet and counselled to carry
through at least 150 minutes of physical activity a week.The RCT found that diethylpropion (50 mg
twice daily) significantly increased mean weight loss at 6 months compared with placebo (–9.3 kg
with diethylpropion v –3.1 kg with placebo; P <0.0001). The RCT also found that a significantly
larger proportion of people lost 5% or more of their initial body weight with diethylpropion compared
with placebo at 6 months (68% with diethylpropion v 25% with placebo; P = 0.0005, absolute
numbers not reported). Additionally, the RCT found that the proportion of people achieving a 10%
or greater weight loss was significantly higher with diethylpropion compared with placebo at 6
months (51% with diethylpropion v 3% with placebo; P <0.0001; absolute numbers not reported).
[36]

Diethylpropion versus phentermine:
See benefits of phentermine, p 5 .

Diethylpropion versus orlistat:
See benefits of orlistat, p 3 .

Diethylpropion versus sibutramine:
See benefits of sibutramine, p 6 .

Harms: Diethylpropion versus placebo:
The RCT found that diethylpropion was associated with an increased rate of dry mouth and insomnia
during the first 3 months of therapy (dry mouth: 69% with diethylpropion v 41% with placebo;
P = 0.02; insomnia: 53% with diethylpropion v 22% with placebo; P = 0.009; absolute numbers not
reported). [36]  After 3 months, no significant difference in reported adverse events were observed
between the two groups. [36]

Diethylpropion versus phentermine:
See harms of phentermine, p 5 .

Diethylpropion versus orlistat:
See harms of orlistat, p 3 .

Diethylpropion versus sibutramine:
See harms of sibutramine, p 6 .

Comment: None.

OPTION MAZINDOL. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

We found no direct information from RCTs about whether mazindol is better than no active treatment or
other drugs in the treatment of adults with obesity.

For GRADE evaluation of interventions for obesity in adults, see table , p 24 .

Benefits: Mazindol versus placebo:
We found no systematic review or RCTs.

Mazindol versus orlistat:
See benefits of orlistat, p 3 .

Mazindol versus sibutramine:
See benefits of sibutramine, p 6 .

© BMJ Publishing Group Ltd 2011. All rights reserved. .......................................................... 11

Obesity in adults
E

n
d

o
crin

e an
d

 m
etab

o
lic d

iso
rd

ers



Harms: Mazindol versus placebo:
We found no RCTs.

Mazindol versus orlistat:
See harms of orlistat, p 3 .

Mazindol versus sibutramine:
See harms of sibutramine, p 6 .

Comment: None.

QUESTION What are the effects of bariatric surgery in adults with morbid obesity?

OPTION BARIATRIC SURGERY VERSUS NON-SURGICAL TREATMENT. . . . . . . . . . . . . . . . . . . . . . . .

Weight loss
Compared with non-surgical treatment Bariatric surgery (gastric banding, gastric bypass, vertical banded gastroplasty,
and biliopancreatic diversion) may be more effective than non-surgical treatments (predominantly lifestyle modification
to reduce calorie intake and increase exercise) at increasing weight loss and percentage of initial weight lost at 1 to
10 years (low-quality evidence).

Note
We found no direct information from RCTs on the effects of sleeve gastrectomy compared with non-surgical treatment.

For GRADE evaluation of interventions for obesity in adults, see table, p 24 .

Benefits: We found one systematic review (search date 2008), [37]  which identified two RCTs and three cohort
studies in people with morbid obesity. The RCTs and cohorts compared various bariatric surgical
techniques (gastric banding, gastric bypass, vertical banded gastroplasty, and biliopancreatic di-
version) versus non-surgical treatment.Types of surgery differed between RCTs and cohort studies,
and some studies combined data for different surgical techniques. There was also considerable
variation in the non-surgical treatment given.

The first RCT (60 people; BMI 30–40 kg/m2 [mean BMI of >37.0 kg/m2 in both groups]; all with type
2 diabetes) identified by the review compared laparoscopic adjustable gastric banding versus non-
surgical treatment (lifestyle modification programme structured to reduce calorie intake and increase
exercise; drug treatments also allowed). [37]  At 2 years, the review found that, compared with non-
surgical treatment, laparoscopic adjustable gastric banding significantly increased mean weight
loss and percentage of initial weight lost (mean weight loss: –21.1 kg with laparoscopic adjustable
gastric banding v –1.5 kg with non-surgical treatment; difference –19.6 kg, 95% CI –23.8 kg to
–15.2 kg; P <0.001; percentage of initial weight lost: 20.0% with laparoscopic adjustable gastric
banding v 1.4% with non-surgical treatment; P <0.001).

The second RCT (79 people; BMI >40 kg/m2) identified by the review compared biliopancreatic
diversion versus non-surgical treatment (calorie-controlled diet; modified every 6 months).The review
found that weight loss at 1 year was greater with biliopancreatic diversion in men and women
compared with calorie-controlled diet (change in weight from baseline; women: from 125.3 kg to
90.2 kg with biliopancreatic diversion v from 121.6 kg to 114.5 kg with calorie-controlled diet; men:
from 151.8 kg to 99.7 kg with biliopancreatic diversion v from 147.3 kg to 138.2 kg with calorie-
controlled diet; significance not assessed). [37]

The first cohort study (4047 people: mean BMI of 42.4 kg/m2 in surgical group and 40.1 kg/m2 in
non-surgical group) identified by the review was a multicentre, prospective cohort study comparing
bariatric surgery versus usual care. [37]  Eligible people self-selected either bariatric surgery or non-
surgical (usual) care. Each person who selected surgical treatment was matched on 18 clinical
variables with a person from the usual care group. Each surgeon determined the surgical procedure
offered: vertical banded gastroplasty (>70%), gastric bypass (6%), or gastric banding (23%). Usual
care was according to local practice and usually did not include pharmacotherapy.The study found
that bariatric surgery significantly increased weight loss at 2 years compared with usual care (3505
people assessed; mean change in body weight: –23.4% with surgery v +0.1% with usual care;
P <0.001). Long-term follow-up found that the difference in weight loss between groups remained
significant at 10 years (1703 people assessed; mean change in body weight: –16.1% with surgery
v +1.6% with usual care; P <0.001). There was variation in the mean percentage of weight lost at
10 years with type of bariatric procedure performed (mean weight loss [number of people assessed]:
–25.0% with gastric bypass [58/265 people] v –16.0% with vertical banded gastroplasty [746/1369
people] v –14.0% with gastric banding [237/376 people]; significance not assessed).

© BMJ Publishing Group Ltd 2011. All rights reserved. .......................................................... 12

Obesity in adults
E

n
d

o
crin

e an
d

 m
etab

o
lic d

iso
rd

ers



The second cohort study (93 people [mean BMI >40 kg/m2 in both groups], with 63 people in the
surgery group and 30 people in the non-surgical treatment group) identified by the review compared
laparoscopic adjustable gastric banding or laparoscopic gastric bypass versus non-surgical treat-
ment. [37] The review found that mean excess-weight loss at a mean follow-up of 3.2 years was
significantly greater with surgery compared with non-surgical treatment (42.2% with surgery v
11.5% with non-surgical treatment; P <0.001).

The third cohort study (20 people; mean BMI >40 kg/m2 in both groups) identified by the review
compared laparoscopic adjustable gastric banding versus gastric bypass versus non-surgical
treatment. [37] The review found that mean BMI at 2 years was significantly lower with both surgeries
compared with non-surgical treatment (32.9 kg/m2 with gastric bypass v 33.2 kg/m2 with laparoscopic
adjustable gastric banding v 41.0 kg/m2 with non-surgical treatment; P <0.001 for both comparisons
of surgery versus non-surgical treatment).

Harms: The RCT comparing laparoscopic adjustable gastric banding versus non-surgical treatment reported
no deaths in either arm. [37] The second RCT gave no information on adverse effects.

The first cohort study reported 5 postoperative deaths in 2010 people (0.25%): three deaths owing
to leakage; one owing to a technical mistake during laparoscopic surgery; and one owing to post-
operative myocardial infarction. [37]  It also reported that 151/1164 (13%) of people experienced
postoperative complications (including bleeding 0.9%; thromboembolism 0.8%; wound complications
1.8%; deep infections 2.1%; pulmonary complications 6.1%; and other complications 4.8%; absolute
numbers not reported), and that 26/1164 (2%) people required re-operation.

The second cohort study gave information on re-operation rate only. It reported that 7/56 (13%) of
people who had laparoscopic gastric banding required re-operation.The cohort study also reported
that 9/37 (24%) people in the non-surgical group had gastric bypass. [37]

The third cohort study gave no information on adverse effects. [37]

Comment: Clinical guide:
Evidence regarding the efficacy and safety of bariatric surgical procedures comes from studies of
mostly young, white women. [37] Therefore, these results may not be generalisable to other popu-
lations.

OPTION GASTRIC BYPASS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Weight loss
Compared with vertical banded gastroplasty Gastric bypass seems more effective at increasing weight loss at 1 to
3 years (moderate-quality evidence).

Compared with gastric banding Gastric bypass is more effective at increasing weight loss at 4 to 5 years (high-
quality evidence).

Compared with biliopancreatic diversion Gastric bypass seems less effective at increasing excess-weight loss at 1
year (moderate-quality evidence).

Compared with sleeve gastrectomy Gastric bypass seems less effective at increasing excess-weight loss at 1 year
compared with sleeve gastrectomy (moderate-quality evidence).

Proximal compared with distal gastric bypass Proximal and distal gastric bypass seem equally effective at increasing
weight loss at 1 to 3 years (moderate-quality evidence).

Open gastric bypass compared with laparoscopic gastric bypass We don't know whether open gastric bypass is
more effective than laparoscopic gastric bypass at increasing weight loss (low-quality evidence).

Note
Gastric bypass is associated with nutritional and electrolyte abnormalities, GI symptoms, and surgical complications.
There is a small risk of perioperative death with gastric bypass, but postoperative complications are common and
may require re-operation. Laparoscopic gastric bypass reduces hospital stay compared with open gastric bypass.

For GRADE evaluation of interventions for obesity in adults, see table, p 24 .

Benefits: We found one systematic review (search date 2003) reporting that gastric bypass resulted in a
mean weight loss of 43.5 kg (95% CI 41.2 kg to 43.5 kg; 32 RCTs, non-randomised controlled trials,
and case series; 2937 people) at 12-month follow-up, and 41.5 kg (95% CI 37.4 kg to 45.6 kg; 21
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RCTs, non-randomised controlled trials, and case series; 1281 people) at 36-month follow-up and
beyond. [38]

Gastric bypass versus vertical banded gastroplasty:
We found one systematic review (search date 2008; 7 RCTs, 435 people), [37]  which identified 6
RCTs comparing gastric bypass versus vertical banded gastroplasty, and one RCT comparing
three interventions.The systematic review did not pool data and so we report data from the individ-
ual RCTs. Two of the RCTs were reported as abstracts only and are not discussed further. Data
reported are as reported in the review. [37]

The first RCT (42 adults with BMI 40 kg/m2 or more) found that gastric bypass significantly increased
weight loss at 12 months compared with vertical banded gastroplasty (% excess-weight lost: 78%
with gastric bypass v 52% with vertical banded gastroplasty; P <0.05; data estimated by review
from figure). [37]

The second RCT (40 adults who were >44 kg overweight) also found that gastric bypass signifi-
cantly increased weight loss compared with vertical banded gastroplasty at 12 months, 2 years,
and 3 years (% of excess-weight lost: 12 months: 68% with gastric bypass v 43% with vertical
banded gastroplasty; P <0.001; 2 years: 66% with gastric bypass v 39% with vertical banded gas-
troplasty; P <0.001; 3 years: 62% with gastric bypass v 37% with vertical banded gastroplasty;
P <0.001; data for 2 and 3 years estimated by review from a figure). [37]

The third RCT (80 people with morbid obesity) found that laparoscopic gastric bypass significantly
increased weight loss compared with laparoscopic vertical banded gastroplasty at 1 and 2 years'
follow-up (% excess-weight lost: at 1 year: 63% with gastric bypass v 55% with vertical banded
gastroplasty; at 2 years: 71% with gastric bypass v 53% with vertical banded gastroplasty; reported
as significant; P values not reported). [37]

The fourth RCT (83 people with morbid obesity) also found that laparoscopic gastric bypass signif-
icantly increased weight loss compared with laparoscopic vertical banded gastroplasty at 1 and 2
years' follow-up (% excess-weight lost; at 1 year: 78% with gastric bypass v 63% with vertical
banded gastroplasty; P = 0.009; at 2 years: 84% with gastric bypass v 60% with vertical banded
gastroplasty; P <0.001). [37]

The fifth RCT (106 people; mean BMI of >48 kg/m2 in both groups) found no significant difference
in success rate (defined as proportion of people with BMI of <35 kg/m2 or <50% excess weight)
between the two procedures at 3 years and 5 to 6 years (at 3 years: 30/52 [58%] with gastric bypass
v 21/54 [39%] with vertical banded gastroplasty; P = 0.08; at 5–6 years: 16/52 [34%] with gastric
bypass v 9/54 [16%] with vertical banded gastroplasty; P = 0.112). [37]

Gastric bypass versus gastric banding:
We found one systematic review (search date 2008), which identified one RCT, [37]  and one sub-
sequent RCT. [39] The RCT included in the review (51 adults with BMI 35–50 kg/m2 [mean BMI
>43.0  kg/m2 in both groups]) compared laparoscopic gastric bypass versus laparoscopic adjustable
gastric banding. It found that gastric bypass significantly increased excess-weight loss at 5 years
(% excess-weight lost: 66.6% with gastric bypass v 47.5% with gastric banding; P <0.001). [37] The
subsequent RCT (197 people with BMI 40–60 kg/m2 [mean BMI: 47.5 kg/m2 in the gastric bypass
group v 45.5 kg/m2 in the gastric banding group, P = 0.01]) compared laparoscopic gastric bypass
versus laparoscopic adjustable gastric banding. It found that gastric bypass significantly increased
excess-weight loss at 4 years (% excess-weight lost: 68% with gastric bypass v 45% with gastric
banding; P <0.05). [39]

Gastric bypass versus biliopancreatic diversion:
We found one systematic review (search date 2008), which identified no RCTs comparing gastric
bypass versus biliopancreatic diversion [37]  and one subsequent RCT. [40] The subsequent RCT
(60 people with a BMI of 50–60 kg/m2) compared laparoscopic gastric bypass versus laparoscopic
biliopancreatic diversion with duodenal switch. [40]  It found significantly greater excess BMI loss
with biliopancreatic diversion with duodenal switch compared with gastric bypass at 1 year (excess
BMI loss: 75% with biliopancreatic diversion with duodenal switch v 54% with gastric bypass;
P <0.001). [40]

Gastric bypass versus sleeve gastrectomy:
We found one systematic review (search date 2008), [37]  which identified one small RCT.The RCT
(32 people with BMI >35 kg/m2 [mean BMI >45.0  kg/m2 in both groups]) found that sleeve gastrec-
tomy significantly increased excess-weight loss at 1 year compared with gastric bypass (% excess-
weight lost: 60.5% with gastric bypass v 69.7% with sleeve gastrectomy; P = 0.05). [37]
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Proximal versus distal gastric bypass:
We found three RCTs comparing proximal versus distal laparoscopic gastric bypass. [41] [42] [43]

The first RCT (48 people with mean BMI 44.9 kg/m2) found no significant difference in mean weight
or mean excess-weight loss between proximal and distal gastric bypass at up to 2 years' follow-up
(mean weight at 1 year: 76.3 kg with proximal v 79.0 kg with distal; mean weight at 2 years: 90 kg
with proximal v 83.2 kg with distal; mean excess-weight lost: results displayed graphically; differences
reported as not significant; P values not reported). [41]

The second RCT (133 people with BMI >40 kg/m2) found no significant difference in mean weight
loss, change in BMI, or percentage of excess-weight loss over time between proximal and distal
gastric bypass at up to 3 years of follow-up (reported as not significant; absolute results presented
graphically). [42]  A larger proportion of people with a BMI >50 kg/m2 in the distal gastric bypass
group had greater success — defined by number achieving loss of >50% excess weight — at 18
months but not at 24 or 36 months compared with the proximal gastric bypass group (results dis-
played graphically; differences reported as not significant; P value not reported).

The third RCT (105 people with BMI 50 kg/m2 or more) found no significant difference between
proximal and distal gastric bypass in excess-weight loss at 4 years (mean % excess-weight lost:
70% with proximal v 74% with distal; reported as not significant; P value not reported). [43]

Open versus laparoscopic gastric bypass:
We found one systematic review (search date 2008; 4 RCTs, 360 people) comparing open versus
laparoscopic gastric bypass. [37] The review did not pool data and so we report data from the indi-
vidual RCTs identified: data reported are as reported in the review. [37]  One RCT was reported as
only an abstract and is not discussed further.

The first RCT (155 people with BMI 40–60 kg/m2) identified by the review found no significant dif-
ference between open and laparoscopic techniques in excess-weight loss at 3 years (% excess-
weight lost: 77% with laparoscopic gastric bypass v 67% with open gastric bypass; reported as
non-significant; P value not reported). [37]

The second RCT (50 people with BMI >40 kg/m2) identified by the review found that weight loss
at 1 year was similar in each group (weight loss: 41 kg with open v 39 kg with laparoscopic; signif-
icance not assessed). [37]

The third RCT (104 people with morbid obesity) identified by the review found no significant differ-
ence in weight loss at a mean follow-up of 23 months between open and laparoscopic techniques
(weight loss displayed graphically; between-group difference reported as not significant; P value
not reported). [37]

Harms: One systematic review (search date 2003) found that gastric bypass resulted in a 30-day mortality
of 1.0% in comparative studies (95% CI 0.5% to 1.9%; 15 RCTs and non-randomised controlled
trials, 907 people) and 0.3% in case series (95% CI 0.2% to 0.4%; 50 case series, 11,290 people).
[38]  Adverse effects were common, and included surgical complications (19%), nutritional and
electrolyte abnormalities (17%), and GI symptoms (17%). [38]

Gastric bypass versus vertical banded gastroplasty:
The review did not pool data on adverse effects of surgeries. [37]  Four RCTs identified by the review
comparing gastric bypass versus vertical banded gastroplasty reported no deaths. [37]  One RCT
identified by the review reported no deaths with vertical banded gastroplasty, but two deaths (10%)
with gastric bypass, which occurred after 3 days and 12 months, were caused by presumed arrhyth-
mia.

One RCT identified by the review found that gastric bypass significantly increased the rate of early
postoperative complications (including anastomotic leakage, abdominal abscess, and GI bleeding)
compared with vertical banded gastroplasty (7/40 [18%] with gastric bypass v 1/40 [3%] with vertical
banded gastroplasty; P <0.05). [44]  Another RCT identified by the review found no significant differ-
ence between interventions in re-operation rates or perioperative complications (re-operation: 5/37
[14%] with gastric bypass v 1/46 [2%] with vertical banded gastroplasty; P = 0.08; minor bleeding:
2/37 [5%] with gastric bypass v 4/46 [9%] with vertical banded gastroplasty; suspected leakage:
1/37 [2.7%] with gastric bypass v 1/46 [2.2%] with vertical banded gastroplasty; difference reported
as not significant for all outcomes; P values not reported for minor bleeding or suspected leakage).
[45]

© BMJ Publishing Group Ltd 2011. All rights reserved. .......................................................... 15

Obesity in adults
E

n
d

o
crin

e an
d

 m
etab

o
lic d

iso
rd

ers



Gastric bypass versus gastric banding:
The RCT identified by the review reported no deaths. [37] The RCT found similar rates of re-operation
for each technique (3/24 [13%] with gastric bypass v 4/26 [15%] with gastric banding; significance
not assessed). People in the gastric banding group had re-operation for inadequate weight loss or
pouch dilation. Reasons were not specified for re-operations in the gastric bypass group. Early and
late complication rates were similar among procedures.The subsequent RCT reported that early
complications were significantly more common in the gastric bypass group compared with the
gastric banding group (22% with gastric bypass v 7% with gastric banding; P = 0.01). Early minor
complications were significantly more common in the gastric bypass group (15% with gastric bypass
v 5% with gastric banding; P = 0.02). Late complications were significantly more common in the
gastric bypass group compared with the gastric banding group (39% with gastric bypass v 12%
with gastric banding; P <0.01). [39]

Gastric bypass versus biliopancreatic diversion:
The RCT comparing laparoscopic gastric bypass versus laparoscopic biliopancreatic diversion with
duodenal switch reported that mean operating time was significantly less with gastric bypass (91
minutes for gastric bypass v 206 minutes for biliopancreatic diversion with duodenal switch;
P <0.001). [40] The RCT found no significant difference between groups in early or late complications
(early complications: 7 with biliopancreatic diversion with duodenal switch v 4 with gastric bypass;
P = 0.32; late complications: 9 with biliopancreatic diversion with duodenal switch v 4 with gastric
bypass; P = 0.12). [40]  In a subsequent article from this RCT reporting vitamin status, biliopancre-
atic diversion with duodenal switch resulted in significantly more vitamin A and D deficiencies in
the first year after surgery and thiamine deficiency in the first months after surgery compared with
gastric bypass. [46]

Gastric bypass versus sleeve gastrectomy:
The RCT identified by the review reported no deaths and no intraoperative or postoperative com-
plications. [37]  No other details were reported.

Proximal versus distal gastric bypass:
The first RCT reported no deaths in either group. [41]  It found no significant difference in overall
complication rates between proximal and distal gastric bypass (figures not reported; reported as
not significant; P value not reported). However, the incidence of internal hernias was significantly
lower with proximal bypass compared with distal bypass (0/25 [0%] with proximal bypass v 4/23
[17%] with distal bypass; P = 0.029). [41] The second RCT reported one death in the proximal
gastric bypass group and one death in the distal gastric bypass group within the first 30 days. [42]

It gave no other information on complications. The third RCT reported no deaths in either group.
[43] The RCT reported that rates of re-operation were similar in each group (2/57 [4%] with proximal
bypass v 1/48 [2%] with distal bypass; significance not assessed).

Open versus laparoscopic gastric bypass:
The RCTs identified by the review reported 4 postoperative deaths: one caused by malignant hy-
perthermia; one caused by possible pulmonary thromboembolism (laparoscopic); one caused by
intestinal obstruction (laparoscopic); and one caused by evisceration. [37] The first RCT found no
significant difference between open and laparoscopic bypass in the proportion of people who had
major surgical complications (9% with open gastric bypass v 8% with laparoscopic gastric bypass;
absolute numbers not reported; P = 0.78). However, this RCT found that open gastric bypass was
associated with a significantly higher rate of incisional hernia (22/57 [39%] with open gastric bypass
v 3/59 [5%] with laparoscopic gastric bypass; P <0.01). In all three RCTs identified by the review,
minor complications (including vomiting, colicky pain, and wound infection) were not significantly
different between groups. [37]

The second RCT found that open gastric bypass was associated with a significantly higher rate of
late complications (including eventrations, abscess, intestinal obstruction, and pancreatitis) compared
with laparoscopic gastric bypass (12/51 [24%] with open gastric bypass v 6/53 [11%] with laparo-
scopic gastric bypass; P <0.05). [37]  Operating time was significantly longer for the laparoscopic
procedure in two of the RCTs (first RCT: 195 minutes with open v 225 minutes with laparoscopic;
P <0.001; second RCT: 85 minutes with open v 150 minutes with laparoscopic), but it was signifi-
cantly longer for the open procedure in one RCT (201 minutes with open v 186 minutes with laparo-
scopic: P <0.05). [37]  Hospital stay was significantly shorter for the laparoscopic procedure (4–8
days with open v 3–5 days with laparoscopic; P <0.05 in 2 RCTs). [37]

Reinforcement of staple lines in gastric bypass versus non-reinforcement:
We found three RCTs that evaluated reinforcement of staple lines in gastric bypass surgery. The
first RCT (34 people with BMI of 40–60 kg/m2) evaluated glycolide copolymer staple-line reinforce-
ment sleeves versus non-reinforcement during laparoscopic gastric bypass. [47] The RCT found
that reinforcement of the staple lines was associated with significantly fewer bleeding sites during
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construction of the gastric pouch, the division of the jejunum, and the division of the jejunal
mesenteric tissue (gastric pouch: 2.5 without reinforcement v 0.4 with reinforcement; division of
the jejunum: 0.6 without reinforcement v 0.2 with reinforcement; division of the jejunal mesenteric
tissue: 0.8 without reinforcement v 0 with reinforcement; P <0.01 for all comparisons). One person
in the non-reinforcement arm had postoperative GI haemorrhage requiring transfusion and re-op-
eration. [47]

The second RCT (48 people with BMI >35 kg/m2) evaluated polyglycolide acid and trimethylene
carbonate staple-line reinforcement versus non-reinforcement during laparoscopic gastric bypass.
[48] The RCT found that, compared with non-reinforcement, reinforcement of staple lines was as-
sociated with a significantly shorter operation time (average time: 115 minutes with reinforcement
v 150 minutes without reinforcement; P = 0.03), and significantly higher postoperative haemoglobin
levels (mean haemoglobin level: 12.5 g/dL with reinforcement v 11.1 g/dL without reinforcement;
P = 0.0156). No patients required re-operation or transfusion in either group.

The third RCT (340 people with BMI 40–50 kg/m2) evaluated the use of biological fibrin sealant
versus no sealant in laparoscopic gastric bypass. [49] The RCT found that the use of fibrin sealant
resulted in fewer gastrojejunal anastomotic leaks; however, the difference was not significant (1
with fibrin sealant v 3 without fibrin sealant, P reported as not significant). The overall re-operation
rate for early complications (<30 days) was significantly lower in the fibrin sealant group (1 with
fibrin sealant v 7 without fibrin sealant, P = 0.001).The complications leading to re-operation included
gastrojejunal anastomotic leak, internal hernia, and gastrojejunal anastomotic bleeding.There were
no differences between the two groups in operative time, postoperative hospital stay, or time to
oral diet. [49]

Comment: None.

OPTION GASTRIC BANDING. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Weight loss
Compared with gastric bypass Gastric banding seems less effective at increasing weight loss at 5 years (high-qual-
ity evidence).

Compared with vertical banded gastroplasty Gastric banding may be less effective at increasing weight loss at 3 to
7 years (very low-quality evidence).

Compared with sleeve gastrectomy Gastric banding may be less effective at increasing weight loss at 1 and 3 years
(low-quality evidence).

Open versus laparoscopic gastric banding We don't know whether open or laparoscopic gastric banding is more ef-
fective at increasing weight loss at 12 months (low-quality evidence).

Note
We found no clinically important results from RCTs about gastric banding compared with biliopancreatic diversion
in people with obesity.

For GRADE evaluation of interventions for obesity in adults,  see table, p 24 .

Benefits: One systematic review (search date 2003) found that gastric banding resulted in a mean weight
loss of 30.2 kg (95% CI 28.0 kg to 32.4 kg; 27 RCTs, non-randomised controlled trials and case
series; 5562 people) at 12-month follow-up and 34.8 kg (95% CI 29.5 kg to 40.1 kg; 17 RCTs, non-
randomised controlled trials and case series; 3076 people) at 36-month follow-up and beyond. [38]

Gastric banding versus gastric bypass:
See benefits of gastric bypass, p 13 .

Gastric banding versus vertical banded gastroplasty:
We found one systematic review (search date 2008; 3 RCTs, 259 people) [37] and one subsequent
paper reporting long-term follow-up for one of the RCTs included in the review. [50] The review did
not pool data and so we report data separately from the individual RCTs. Data reported are as re-
ported in the review. [37]

The first RCT (59 adults with BMI 40 kg/m2 or more or BMI 37 kg/m2 or more with associated co-
morbidity) identified by the review found that the gastric banding group had lost less weight at 1
year compared with the vertical banded gastroplasty group (change in mean weight from baseline:
from 124 kg to 98 kg with gastric banding v from 123 kg to 82 kg with vertical banded gastroplasty;
significance not assessed). However, at 5 years, the gastric banding group had lost more weight
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(from 124 kg to 81 kg with gastric banding v from 123 kg to 88 kg with vertical banded gastroplasty;
significance not assessed). [37]

The second RCT (100 adults with BMI 40–50 kg/m2) found that a significantly smaller proportion
of people achieved an excellent or good result (defined as residual excess weight of <50%) at 2
years in the laparoscopic gastric banding group compared with the laparoscopic vertical banded
gastroplasty group (35% with gastric banding v 74% with vertical banded gastroplasty; absolute
numbers not reported; P <0.001). There was no significant difference between groups in excellent
or good result rates at 3 years, although the proportion of people classed as having an excellent
or good result was smaller with gastric banding (25% with gastric banding v 63% with vertical
banded gastroplasty; P = 0.056). The RCT also found no significant difference between the two
surgeries in excess-weight loss at 2 and 3 years (% excess-weight lost: at 2 years: 41% with gastric
banding v 64% with vertical banded gastroplasty; at 3 years: 39% with gastric banding v 59% with
vertical banded gastroplasty; reported as not significant; P values not reported). [37]

The long-term follow-up of this RCT [50]  found that at 3, 5, and 7 years percentage excess-weight
loss was significantly lower with gastric banding compared with vertical banded gastroplasty (3
years: 41.8% with gastric banding v 60.9% with vertical banded gastroplasty; 5 years: 33.2% with
gastric banding v 57.0% with vertical banded gastroplasty; 7 years: 29.9% with gastric banding v
53.1% with vertical banded gastroplasty; P <0.05 for all comparisons). [50]

The third RCT (100 adults with BMI >40 kg/m2 or >35 kg/m2 with associated comorbidity) found
that laparoscopic gastric banding was significantly less effective at reducing excess weight at 1
and 2 years compared with open vertical banded gastroplasty (% excess-weight lost at 1 year:
53.3% with gastric banding v 71.1% with vertical banded gastroplasty; 2 years: 54.9% with gastric
banding v 70.1% with vertical banded gastroplasty; P = 0.001 or less at both time points). [37]

Gastric banding versus sleeve gastrectomy:
We found one systematic review (search date 2008), which identified one RCT (80 adults with BMI
>30 kg/m2 [median BMI of 37 kg/m2 in the gastric banding group and 39 kg/m2 in the sleeve gas-
trectomy group]) comparing laparoscopic gastric banding versus laparoscopic isolated sleeve
gastrectomy. [37]

The RCT found that weight loss and excess-weight loss at 1 and 3 years were significantly less
with gastric banding compared with sleeve gastrectomy (median weight loss at 1 year: –14 kg with
gastric banding v –26 kg with sleeve gastrectomy; P <0.0001; median weight loss at 3 years: –17 kg
with gastric banding v –29.5 kg with sleeve gastrectomy; P <0.0001; % excess-weight lost at 1
year: 41.4% with gastric banding v 57.7% with sleeve gastrectomy; P = 0.0004; % excess-weight
lost at 3 years: 48% with gastric banding v 66% with sleeve gastrectomy; P = 0.0025). [37]

Open versus laparoscopic gastric banding:
We found one systematic review (search date 2008), which identified one RCT (50 adults with BMI
>40 kg/m2) comparing open versus laparoscopic gastric banding. [37] The RCT found no significant
difference in weight loss at 12 months between open and laparoscopic gastric banding (weight
loss: –34.4 kg with open v –35.0 kg with laparoscopic gastric banding; reported as not significant;
P value not reported).

Harms: One systematic review (search date 2003) found that gastric banding resulted in a 30-day mortality
of 0.4% in comparative studies (95% CI 0.01% to 2.1%; 6 RCTs and non-randomised controlled
trials; 268 people) and 0.02% in case series (95% CI 0% to 0.78%; 35 case series, 9222 people).
[38]  Adverse effects were common and included surgical complications (13.2%), re-operations
(7.7%), and GI symptoms (7.0%).

Gastric banding versus gastric bypass:
See harms of gastric bypass, p 13 .

Gastric banding versus vertical banded gastroplasty:
The review did not pool data on adverse effects. [37]

The first RCT identified by the review reported one death from each group during the follow-up
period, but neither death was attributed to the surgery. Re-operations occurred in 10/27 (37%)
people having vertical banded gastroplasty and 3/26 (12%) people having gastric banding. Gastro-
oesophageal reflux was more common in people having vertical banded gastroplasty compared
with people having gastric banding (4/27 [15%] with gastroplasty v 3/26 [12%] with gastric banding;
significance not assessed). [37]
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The second RCT identified by the review reported no deaths in either arm. [37] The RCT found that
gastric banding significantly increased the proportion of people who required re-operation compared
with vertical banded gastroplasty (12/49 [25%] with gastric banding v 0/50 [0%] with vertical
banded gastroplasty; P <0.05). It also found that gastric banding significantly increased late com-
plications, such as pouch dilatation, pouch to fundus fistula, symptomatic reflux disease, and gastric
bezoar compared with vertical banded gastroplasty (16/49 [33%] with gastric banding v 7/50 [14%]
with vertical banded gastroplasty; P <0.001). [37]

The long-term follow-up of this RCT reported one death in the vertical banded gastroplasty group
due to street accident. [50]  Long-term complications were significantly higher in the gastric banding
group at 3 years but not at 5 or 7 years (3 years: 37% with gastric banding v 16% with vertical
banded gastroplasty; P <0.05; 5 years: 47% with gastric banding v 43% with vertical banded gas-
troplasty; P value reported as not significant; 7 years: 55% with gastric banding v 47% with vertical
banded gastroplasty; P value reported as not significant). The re-operation rate was significantly
higher for the gastric banding group at 3, 5, and 7 years (3 years; 29% with gastric banding v 2%
with vertical banded gastroplasty; 5 years: 39% with gastric banding v 2% with vertical banded
gastroplasty; 7 years: 47% with gastric banding v 8% with vertical banded gastroplasty; P <0.001
for all comparisons). [50]

The third RCT identified by the review reported two (2/50 [4%]) deaths in the vertical banded gas-
troplasty group, but none in the gastric banding group. [37]  It found that perioperative complications
were more common in the vertical banded gastroplasty group than in the gastric banding group
(3/50 [6%] with gastric banding v 9/50 [18%] with vertical banded gastroplasty; significance not
assessed) and that rate of late complications requiring further surgery was similar in each group
(20/50 [40%] with gastric banding v 26/50 [52%] with vertical banded gastroplasty; significance not
assessed). [37]

Gastric banding versus sleeve gastrectomy:
The RCT identified by the review reported no deaths in either arm. [37] Two people who had sleeve
gastrectomy required re-operation for early postoperative complications (intraperitoneal bleed and
gastric ischaemia), but no one in the gastric band group required re-operation for early postoperative
complications (significance not assessed for between-group comparison). Late complications re-
quiring surgery were more common in the gastric band group compared with the sleeve gastrectomy
group (7/40 [18%] with gastric banding v 0/40 [0%] with sleeve gastrectomy; significance not as-
sessed). [37]

Open versus laparoscopic gastric banding:
The RCT identified by the review reported no deaths in either arm. [37]  It also found no significant
difference in surgical complications between the two procedures (no further details given; reported
as not significant; P value not reported). It found no significant difference between open gastric
banding and laparoscopic gastric banding in rate of incisional hernia complications, but the rate
was higher with open gastric banding (3/25 [12%] with open v 0/25 [0%] with laparoscopic gastric
banding; reported as not significant; P value not reported). It also found that open laparoscopic
gastric banding was associated with a significantly higher rate of readmission at 1 year and signif-
icantly increased duration of hospital stay in the first year compared with laparoscopic gastric
banding (readmissions: 15/25 [60%] with open v 6/25 [24%] with laparoscopic gastric banding;
P <0.05; mean days in hospital: 11.8 days with open v 7.8 days with laparoscopic gastric banding;
P <0.05). [37]

Comment: None.

OPTION VERTICAL BANDED GASTROPLASTY. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Weight loss
Compared with gastric banding Vertical banded gastroplasty may be more effective at increasing weight loss at 3
to 7 years (very low-quality evidence).

Compared with gastric bypass Vertical banded gastroplasty seems less effective at increasing weight loss at 1 to 3
years (moderate-quality evidence).

Open compared with laparoscopic vertical banded gastroplasty We don't know whether open vertical banded gastro-
plasty is more effective at increasing weight loss at 12 months (low-quality evidence).

Note
There is a small risk of perioperative death with vertical banded gastroplasty, but GI symptoms and postoperative
complications possibly requiring re-operation are common. Open vertical banded gastroplasty has a shorter operating
time compared with laparoscopic banded gastroplasty. We found no clinically important results from RCTs about
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vertical banded gastroplasty compared with non-surgical treatment, or compared with biliopancreatic diversion or
sleeve gastrectomy in obese people.

For GRADE evaluation of interventions for obesity in adults,  see table, p 24 .

Benefits: We found one systematic review (search date 2003), which found that vertical banded gastroplasty
resulted in a mean weight loss of 32.2 kg (95% CI 29.9 kg to 34.4 kg; 21 RCTs, non-randomised
controlled trials and case series; 2080 people; initial mean BMI not reported) at 12-month follow-
up, and 32.0 kg (95% CI 27.7 kg to 36.4 kg; 18 RCTs, non-randomised controlled trials and case
series; 1877 people; initial mean BMI not reported) at 36-month follow-up and beyond. [38]

Vertical banded gastroplasty versus gastric banding:
See benefits of gastric banding, p 17 .

Vertical banded gastroplasty versus gastric bypass:
See benefits of gastric bypass, p 13 .

Open versus laparoscopic vertical banded gastroplasty:
We found one systematic review (search date 2008), [37]  which identified one small RCT (30 adults
with BMI 40–50 kg/m2). [51] The RCT found similar weight loss between open and laparoscopic
vertical banded gastroplasty at 12 months (mean weight loss: 55% with open v 47% with laparo-
scopic; significance not assessed). [51]

Harms: One systematic review found that gastroplasty resulted in a 30-day mortality of 0.2% in controlled
studies (95% CI 0% to 1.4%; 11 RCTs and non-randomised controlled trials; 401 people) and 0.3%
in case series (95% CI 0.1% to 0.5%; 33 case series; 4091 people). [38]  Adverse effects were
common, and included surgical complications (24%), re-operations (11%), and GI symptoms (18%).
[38]

Vertical banded gastroplasty versus gastric banding:
See harms of gastric banding, p 17 .

Vertical banded gastroplasty versus gastric bypass:
See harms of gastric bypass, p 13 .

Open versus laparoscopic vertical banded gastroplasty:
The RCT reported no deaths in either arm. [51]  Operating time was significantly longer with laparo-
scopic compared with open vertical banded gastroplasty (2.10 hours with laparoscopic v 1.45 hours
with open; P <0.002). [51] There was no significant difference between open and laparoscopic
vertical banded gastroplasty in average hospital stay (4 days for both techniques; difference reported
as not significant; P value not reported). Two people, one in each group, developed a fistula at the
gastric partition that required re-operation.Two people having open gastroplasty developed abdom-
inal-wall hernias at 12 months.

Comment: None.

OPTION BILIOPANCREATIC DIVERSION. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Weight loss
Compared with gastric bypass Biliopancreatic diversion may be more effective at increasing excess-weight loss at
1 year (moderate-quality evidence).

Note
We found no clinically important results from RCTs about biliopancreatic diversion compared with non-surgical
treatment, or compared with gastric banding, vertical banded gastroplasty, or sleeve gastrectomy in obese people.

For GRADE evaluation of interventions for obesity in adults, see table, p 24 .

Benefits: We found two systematic reviews (search dates 2003 [38]  and 2008 [37] ), which found no RCTs
comparing biliopancreatic diversion versus other bariatric surgery techniques. One of the reviews
identified three case series of biliopancreatic diversion (735 people) that assessed weight loss. [38]

The review found that biliopancreatic diversion resulted in a mean weight loss of 51.9 kg (95% CI
45.1 kg to 58.8 kg; initial mean BMI not reported) at 12-month follow-up, and 53.1 kg (95% CI
47.4 kg to 58.8 kg; initial mean BMI not reported) at 36-month follow-up and beyond.

Biliopancreatic diversion versus gastric bypass:
See benefits of gastric bypass, p 13 .
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Harms: We found no RCTs. The systematic review (search date 2003) of case series found that biliopan-
creatic diversion resulted in a 30-day mortality of 0.9% (95% CI 0.5% to 1.3%; 7 case series; 2808
people). [38]  Adverse effects were common, and included surgical complications (6%), re-operations
(4%), and GI symptoms (38%). [38]

Biliopancreatic diversion versus gastric bypass:
See harms of gastric bypass, p 13 .

Comment: None.

OPTION SLEEVE GASTRECTOMY. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Weight loss
Compared with gastric banding Sleeve gastrectomy may be more effective at increasing weight loss at 1 and 3 years
(low-quality evidence).

Compared with gastric bypass Sleeve gastrectomy seems more effective at increasing mean excess-weight loss at
1 to 2 years (moderate-quality evidence).

Note
We found no clinically important results from RCTs about sleeve gastrectomy compared with non-surgical treatment,
or compared with vertical banded gastroplasty or biliopancreatic diversion in obese people.

For GRADE evaluation of interventions for obesity in adults, see table, p 24 .

Benefits: Sleeve gastrectomy versus gastric banding:
See benefits of gastric banding, p 17 .

Sleeve gastrectomy versus gastric bypass:
See benefits of gastric bypass, p 13 .

Sleeve gastrectomy versus other bariatric surgery techniques:
We found two systematic reviews (search dates 2003 [38]  and 2008 [37] ), which identified no RCTs
comparing sleeve gastrectomy versus other bariatric surgery techniques.

Harms: Sleeve gastrectomy versus gastric banding:
See harms of gastric banding, p 17 .

Sleeve gastrectomy versus gastric bypass:
See harms of gastric bypass, p 13 .

Sleeve gastrectomy versus other bariatric surgery techniques:
We found no RCTs.

Comment: None.

GLOSSARY
Biliopancreatic diversion There are two different types of biliopancreatic diversion. Standard biliopancreatic diversion
surgically removes the lower third of the stomach and then forms a connection with the remaining stomach pouch
with a portion of the small intestine beyond where the stomach was originally attached. Biliopancreatic diversion with
duodenal switch divides the stomach vertically and removes the left half, leaving the connection between the stomach
and the duodenum of the small intestine intact. A length of intestine is also removed and the duodenum is reconnected
further down the small intestine. The aim is to increase weight loss by reducing calories and decreasing nutrient
absorption.

Bariatrics The branch of medicine concerned with the management (prevention and control) of obesity and its related
diseases.

Body mass index (BMI) Expressed as weight in kilograms divided by height in metres squared (kg/m2). In the US
and UK, individuals with BMIs of 25 kg/m2 to 30 kg/m2 are considered overweight; those with BMIs above 30 kg/m2

are considered obese.

Gastric bypass The roux-en-Y gastric bypass procedure involves dividing the stomach and creating a small pouch,
which is then closed using several rows of staples. The remaining portion of the stomach is not removed but is "by-
passed" and plays a diminished role in the digestive process. A Y-shaped portion of the small intestine is then attached
to the pouch. The volume the new stomach pouch is capable of holding is about 25 g. The aim is to increase weight
loss by reducing calories, altering GI appetite hormones, and decreasing nutrient absorption.
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Gastroplasty Vertical banded gastroplasty involves stapling the front of the stomach to the back of the stomach
along a vertical plane, partitioning the stomach into two unequal parts that connect through a small (about 0.5 cm)
opening. This allows the partially digested food to move from the small stomach pouch into the rest of the stomach
and then the intestines.The newly created upper pouch will only allow the person to consume small amounts of food
at a time.

High-quality evidence Further research is very unlikely to change our confidence in the estimate of effect.

Low-quality evidence Further research is very likely to have an important impact on our confidence in the estimate
of effect and is likely to change the estimate.

Moderate-quality evidence Further research is likely to have an important impact on our confidence in the estimate
of effect and may change the estimate.

Very low-quality evidence Any estimate of effect is very uncertain.

SUBSTANTIVE CHANGES
Biliopancreatic diversion New evidence added. [40]  Categorisation unchanged (Likely to be beneficial).

Diethylpropion New evidence added. [36]  Categorisation unchanged (Unknown effectiveness) as there remains in-
sufficient evidence to judge this intervention.

Gastric banding New evidence added. [50]  Categorisation unchanged (Likely to be beneficial).

Gastric bypass New evidence added. [39] [40] [46] [49]  Categorisation unchanged (Likely to be beneficial).

Sibutramine In October 2010, the FDA requested the withdrawal of sibutramine from the US market because of the
increased risk of adverse cardiovascular events. Categorisation unchanged (Trade-off between benefits and harms).

Sibutramine plus orlistat In October 2010, the FDA requested the withdrawal of sibutramine from the US market
because of the increased risk of adverse cardiovascular events. Categorisation changed from Unknown effectiveness
to Trade off between benefits and harms.

REFERENCES
1. National Institutes of Health. Clinical guidelines on the identification, evaluation,

and treatment of overweight and obesity in adults: the Evidence Report.
Bethesda, MD: US Department of Health and Human Services, 1998.

2. World Health Organization. Obesity: preventing and managing the global epidemic.
Report of a WHO consultation. WHO Technical Series. Geneva: World Health
Organization, 2000; No. 894.

3. Khan LK, Serdula MK, Bowman BA, et al. Use of prescription weight loss pills
among US adults in 1996–1998. Ann Intern Med 2001;134:282–286.[PubMed]

4. Rennie KL, Jebb SA. Prevalence of obesity in Great Britain. Obes Rev
2005;6:11–12.[PubMed]

5. Flegal KM, Carroll MD, Ogden CL, et al. Prevalence and trends in obesity among
US adults, 1999–2000. JAMA 2002;288:1723–1727.[PubMed]

6. Ogden CL, Carroll MD, McDowell MA, et al. Obesity among adults in the United
States - no statistically significant change since 2003-2004. NCHS data brief no.
1. Hyattsville, MD: National Center for Health Statistics, 2007. Available at
http://www.cdc.gov/nchs/data/databriefs/db01.pdf (last accessed 21 February
2011).

7. Schwartz MW, Woods SC, Porte D, et al. Central nervous system control of food
intake. Nature 2000;404:661–671.[PubMed]

8. Weinsier RL, Hunter GR, Heini AF, et al. The etiology of obesity: relative contri-
bution of metabolic factors, diet, and physical activity. Am J Med
1998;105:145–150.[PubMed]

9. French SA, Story M, Jeffery RW. Environmental influences on eating and physical
activity. Annu Rev Public Health 2001;22:309–335.[PubMed]

10. Pinkerton JH, Kopelman PG. Endocrine determinants of obesity. In: Bray GA,
Bouchard C, eds. Handbook of obesity: etiology and pathophysiology. 2nd ed.
New York, NY: Marcel Dekker, 2004: 655–669.

11. Quesenberry CP, Caan B, Jacobson A. Obesity, health services use, and health
care costs among members of a health maintenance organization. Arch Intern
Med 1998;158:466–472.[PubMed]

12. Kushner RF, Foster GD. Obesity and quality of life. Nutrition
2000;16:947–952.[PubMed]

13. Vasan RS, Pencina MJ, Cobain M, et al. Estimated risks for developing obesity
in the Framingham Heart Study. Ann Intern Med 2005;143:473–480.[PubMed]

14. Li Z, Maglione M, Tu W, et al. Meta-analysis: pharmacologic treatment of obesity.
Ann Intern Med 2005;142:532–546. Search date 2003.[PubMed]

15. Hutton B, Fergusson D. Changes in body weight and serum lipid profile in obese
patients treated with orlistat in addition to a hypocaloric diet: a systematic review
of randomized clinical trials. Am J Clin Nutr 2004;80:1461–1468. Search date
2004.[PubMed]

16. Padwal R, Rucker D, Li S, et al. Long-term pharmacotherapy for obesity and
overweight. In: The Cochrane Library, Issue 2, 2009. Chichester, UK: John Wiley
& Sons, Ltd. Search date 2006.

17. Cocco G, Pandolfi S, Rousson V. Sufficient weight reduction decreases cardio-
vascular complications in diabetic patients with the metabolic syndrome: a ran-
domized study of orlistat as an adjunct to lifestyle changes (diet and exercise).
Heart Drug 2005;5:68–74.

18. Erdman J, Lippl F, Klose G, et al. Cholesterol lowering effect of dietary weight
loss and orlistat treatment – efficacy and limitations. Aliment Pharmacol Ther
2004;19:1173–1179.[PubMed]

19. Guy-Grand B, Drouin P, Eschwege E, et al. Effects of orlistat on obesity-related
diseases – a six-month randomized trial. Diabetes Obes Metab
2004;6:375–383.[PubMed]

20. Golay A, Laurent-Jaccard A, Habicht F, et al. Effect of orlistat in obese patients
with binge eating disorder. Obes Res 2005;13:1701–1708.[PubMed]

21. Joffe G, Takala P, Tchoukhine E, et al. Orlistat in clozapine- or olanzapine-
treated patients with overweight or obesity: a 16-week randomized, double-blind,
placebo-controlled trial. J Clin Psychiatry 2008;69:706–711.[PubMed]

22. Haddock CK, Poston WSC, Dill PL, et al. Pharmacotherapy for obesity: a quan-
titative analysis of four decades of published randomized clinical trials. Int J Obes
Relat Metab Disord 2002;26:262–273. Search date 1999.[PubMed]

23. Wadden TA, Berkowitz RI, Womble LG, et al. Effects of sibutramine plus orlistat
in obese women following 1 year of treatment by sibutramine alone: a placebo-
controlled trial. Obes Res 2000;8:431–437.[PubMed]

24. Gaasch WH, Aurigemma GP.Valvular heart disease induced by anorectic drugs.
In: UpToDate, Issue 8/3. Wellesley, MA: UpToDate Inc., 2003.

25. Medicines Control Agency. Committee on Safety in Medicines. Important safety
message: European withdrawal of anorectic agents/appetite suppressants: new
legal developments, no new safety issues: licences for phentermine and amfepra-
mone being withdrawn May 2001. Information page. Available at
http://www.mhra.gov.uk/Safetyinformation/Safetywarningsalertsandrecalls/Safe-
tywarningsandmessagesformedicines/CON019540 (accessed on 27 November
2013).

26. Arterburn DE, Crane PK, Veenstra DL. The efficacy and safety of sibutramine
for weight loss: a systematic review. Arch Intern Med 2004;164:994–1003. Search
date 2002. [PubMed]

27. Hung YJ, Chen YC, Pei D, et al. Sibutramine improves insulin sensitivity without
alteration of serum adiponectin in obese subjects with Type 2 diabetes. Diabet
Med 2005;22:1024–1030.[PubMed]

28. Shechter M, Beigel R, Freimark D, et al. Short-term sibutramine therapy is asso-
ciated with weight loss and improved endothelial function in obese patients with
coronary artery disease. Am J Card 2006;97:1650–1653.[PubMed]

29. Derosa G, D'Angelo A, Salvadeo SA, et al. Sibutramine effect on metabolic
control of obese patients with type 2 diabetes mellitus treated with pioglitazone.
Metabolism 2008;57:1552–1557.[PubMed]

30. Scholze J, Grimm E, Herrmann D, et al. Optimal treatment of obesity-related
hypertension: the Hypertension-Obesity-Sibutramine (HOS) study. Circulation
2007;115:1991–1998.[PubMed]

31. Neovius M, Johansson K, Rossner S, et al. Head-to-head studies evaluating ef-
ficacy of pharmaco-therapy for obesity: a systematic review and meta-analysis.
Obes Rev 2008;9:420–427.[PubMed]

32. Health Sciences Authority. Centre for Pharmaceutical Administration. Drug alerts.
Updated report on sibutramine. Information page. Available at
http://www.hsa.gov.sg/publish/hsaportal/en/health_products_regulation/safety_in-
formation/product_safety_alerts/safety_alerts_2002/sibutramine.html (last ac-
cessed 21 February 2010).

33. Zannad F, Gille B, Grentzinger A, et al. Effects of sibutramine on ventricular di-
mensions and heart valves in obese patients during weight reduction. Am Heart
J 2002;144:508–515.[PubMed]

© BMJ Publishing Group Ltd 2011. All rights reserved. .......................................................... 22

Obesity in adults
E

n
d

o
crin

e an
d

 m
etab

o
lic d

iso
rd

ers

http://www.ncbi.nlm.nih.gov/pubmed/11182838
http://www.ncbi.nlm.nih.gov/pubmed/15655034
http://www.ncbi.nlm.nih.gov/pubmed/12365955
http://www.ncbi.nlm.nih.gov/pubmed/10766253
http://www.ncbi.nlm.nih.gov/pubmed/9727822
http://www.ncbi.nlm.nih.gov/pubmed/11274524
http://www.ncbi.nlm.nih.gov/pubmed/9508224
http://www.ncbi.nlm.nih.gov/pubmed/11054600
http://www.ncbi.nlm.nih.gov/pubmed/16204159
http://www.ncbi.nlm.nih.gov/pubmed/15809465
http://www.ncbi.nlm.nih.gov/pubmed/15585756
http://www.ncbi.nlm.nih.gov/pubmed/15153170
http://www.ncbi.nlm.nih.gov/pubmed/15287931
http://www.ncbi.nlm.nih.gov/pubmed/16286517
http://www.ncbi.nlm.nih.gov/pubmed/18426261
http://www.ncbi.nlm.nih.gov/pubmed/11850760
http://www.ncbi.nlm.nih.gov/pubmed/11011909
http://www.ncbi.nlm.nih.gov/pubmed/15136309
http://www.ncbi.nlm.nih.gov/pubmed/16026368
http://www.ncbi.nlm.nih.gov/pubmed/16728231
http://www.ncbi.nlm.nih.gov/pubmed/18940393
http://www.ncbi.nlm.nih.gov/pubmed/17404163
http://www.ncbi.nlm.nih.gov/pubmed/18208467
http://www.ncbi.nlm.nih.gov/pubmed/12228789


34. Bach DS, Rissanen AM, Mendel CM, et al. Absence of cardiac valve dysfunction
in obese patients treated with sibutramine. Obes Res 1999;7:363–369.[PubMed]

35. Sari R, Balci MK, Cakir M, et al. Comparison of efficacy of sibutramine or orlistat
versus their combination in obese women. Endocr Res
2004;30:159–167.[PubMed]

36. Cercato C, Roizenblatt V, Leanca CC, et al. A randomized double-blind placebo-
controlled study of the long-term efficacy and safety of diethylpropion in the
treatment of obese subjects. Int J Obes (Lond) 2009;33:857–865.[PubMed]

37. Colquitt J, Picot J, Loveman E, et al. Surgery for morbid obesity. In:The Cochrane
Library, Issue 3, 2010. Chichester, UK: John Wiley & Sons, Ltd. Search date
2008.

38. Maggard MA, Shugarman LR, Suttorp M, et al. Meta-analysis: surgical treatment
of obesity. Ann Intern Med 2005;142:547–559. Search date 2003.[PubMed]

39. Nguyen NT, Slone JA, Nguyen XM, et al. A prospective randomized trial of la-
paroscopic gastric bypass versus laparoscopic adjustable gastric banding for the
treatment of morbid obesity: outcomes, quality of life, and costs. Ann Surg
2009;250:631–639.[PubMed]

40. Sovik TT, Taha O, Aasheim ET, et al. Randomized clinical trial of laparoscopic
gastric bypass versus laparoscopic duodenal switch for superobesity. Br J Surg
2010;97:160–166.[PubMed]

41. Inabnet WB, Quinn T, Gagner M, et al. Laparoscopic Roux-en-Y gastric bypass
in patients with BMI less than 50: a prospective randomized trial comparing short
and long limb lengths. Obes Surg 2005;15:51–57.[PubMed]

42. Choban PS, Flancbaum L. The effect of Roux limb lengths on outcome after
Roux-en-Y gastric bypass: a prospective, randomized clinical trial. Obes Surg
2002;12:540–545.[PubMed]

43. Pinheiro JS, Schiavon CA, Pereira PB, et al. Long-long limb Roux-en-Y gastric
bypass is more efficacious in treatment of type 2 diabetes and lipid disorders in
super-obese patients. Surg Obes Relat Dis 2008;4:521–525.[PubMed]

44. Lee WJ, Huang MT, Yu PJ, et al. Laparoscopic vertical banded gastroplasty and
laparoscopic gastric bypass: a comparison. Obes Surg
2004;14:626–634.[PubMed]

45. Olbers T, Fagevik-Olsen M, Maleckas A, et al. Randomized clinical trial of laparo-
scopic Roux-en-Y gastric bypass versus laparoscopic vertical banded gastroplasty
for obesity. Br J Surg 2005;92:557–562.[PubMed]

46. Aasheim ET, Bjorkman S, Sovik TT, et al. Vitamin status after bariatric surgery:
a randomized study of gastric bypass and duodenal switch. Am J Clin Nutr
2009;90:15–22.[PubMed]

47. Nguyen NT, Longoria M, Welbourne S, et al. Glycolide copolymer staple-line re-
inforcement reduces staple site bleeding during laparoscopic gastric bypass: a
prospective randomized trial. Arch Surg 2005;140:773–778.[PubMed]

48. Miller KA, Pump A. Use of bioabsorbable staple reinforcement material in gastric
bypass: a prospective randomized clinical trial. Surg Obes Relat Dis
2007;3:417–421.[PubMed]

49. Silecchia G, Boru CE, Mouiel J, et al. The use of fibrin sealant to prevent major
complications following laparoscopic gastric bypass: results of a multicenter,
randomized trial. Surg Endosc 2008;22:2492–2497.[PubMed]

50. Scozzari G, Farinella E, Bonnet G, et al. Laparoscopic adjustable silicone gastric
banding vs laparoscopic vertical banded gastroplasty in morbidly obese patients:
long-term results of a prospective randomized controlled clinical trial. Obes Surg
2009;19:1108–1115.[PubMed]

51. Davila-Cervantes A, Borunda D, Dominguez-Cherit G, et al. Open versus laparo-
scopic vertical banded gastroplasty: a randomized controlled double blind trial.
Obes Surg 2002;12:812–818.[PubMed]

David DeLaet
Assistant Professor of Medicine and Pediatrics

Mount Sinai School of Medicine
New York

USA

Daniel Schauer
Assistant Professor

Department of Internal Medicine
University of Cincinnati

Cincinnati
USA

Competing interests: DDL and DS declare that they have no competing interests. The views expressed in this review are those of the authors and do not necessarily represent
the views of the US Department of Veterans Affairs.

We would like to acknowledge the previous contributors of this review, including Polly Hitchcock-Noel, Cynthia Mulrow, and David Arterburn.

Disclaimer

The information contained in this publication is intended for medical professionals. Categories presented in Clinical Evidence indicate a
judgement about the strength of the evidence available to our contributors prior to publication and the relevant importance of benefit and
harms. We rely on our contributors to confirm the accuracy of the information presented and to adhere to describe accepted practices.
Readers should be aware that professionals in the field may have different opinions. Because of this and regular advances in medical research
we strongly recommend that readers' independently verify specified treatments and drugs including manufacturers' guidance. Also, the
categories do not indicate whether a particular treatment is generally appropriate or whether it is suitable for a particular individual. Ultimately
it is the readers' responsibility to make their own professional judgements, so to appropriately advise and treat their patients. To the fullest
extent permitted by law, BMJ Publishing Group Limited and its editors are not responsible for any losses, injury or damage caused to any
person or property (including under contract, by negligence, products liability or otherwise) whether they be direct or indirect, special, inci-
dental or consequential, resulting from the application of the information in this publication.

© BMJ Publishing Group Ltd 2011. All rights reserved. .......................................................... 23

Obesity in adults
E

n
d

o
crin

e an
d

 m
etab

o
lic d

iso
rd

ers

http://www.ncbi.nlm.nih.gov/pubmed/10440592
http://www.ncbi.nlm.nih.gov/pubmed/15473126
http://www.ncbi.nlm.nih.gov/pubmed/19564877
http://www.ncbi.nlm.nih.gov/pubmed/15809466
http://www.ncbi.nlm.nih.gov/pubmed/19730234
http://www.ncbi.nlm.nih.gov/pubmed/20035530
http://www.ncbi.nlm.nih.gov/pubmed/15760498
http://www.ncbi.nlm.nih.gov/pubmed/12194548
http://www.ncbi.nlm.nih.gov/pubmed/18539540
http://www.ncbi.nlm.nih.gov/pubmed/15186629
http://www.ncbi.nlm.nih.gov/pubmed/15810049
http://www.ncbi.nlm.nih.gov/pubmed/19439456
http://www.ncbi.nlm.nih.gov/pubmed/16103288
http://www.ncbi.nlm.nih.gov/pubmed/17567538
http://www.ncbi.nlm.nih.gov/pubmed/18365278
http://www.ncbi.nlm.nih.gov/pubmed/19513797
http://www.ncbi.nlm.nih.gov/pubmed/12568187


TABLE GRADE evaluation of interventions for Obesity in adults

Weight loss, mortality, adverse effectsImportant outcomes

CommentGRADE
Effect
size

Direct-
ness

Consis-
tencyQuality

Type of
evi-

denceComparisonOutcome
Number of studies

(participants)

What are the effects of drug treatments in adults with obesity?

Quality point deducted for incomplete reporting of re-
sults in 1 systematic review (number of people in
analysis not reported)

Moderate000–14Orlistat v placeboWeight lossAt least 28 (at least
11,087) [14] [15] [16]

[17] [18] [19] [20] [21]

Quality point deducted for incomplete reporting of re-
sults

Moderate000–14Orlistat v placeboAdverse effectsAt least 26 (at least
10,095) [14] [15] [16]

[17] [18] [19] [20] [21]

Quality point deducted for incomplete reporting of re-
sults

Moderate000–14Phentermine v placeboWeight loss6 (368) [22]

Quality point deducted for methodological issues (for
inclusion of unpublished studies in 1 systematic review

Moderate000–14Sibutramine v placeboWeight lossAt least 16 (at least
5508) [16] [26] [27] [28]

[29] [30] and combined analysis of weight loss and maintenance
in 1 systematic review)

Quality point deducted for methodological issues
(heterogeneity among RCTs and short follow-up in

Low00–1–14Sibutramine v orlistatWeight loss5 (795) [31]

some included RCTs [<4 months]). Consistency point
deducted for conflicting results for different populations

Quality point deducted for sparse dataModerate000–14Sibutramine plus orlistat v orlis-
tat

Weight loss1 (89) [35]

Quality points deducted for sparse data, incomplete
reporting of results, and poor follow-up

Very low000–34Sibutramine plus orlistat v
sibutramine

Weight loss2 (123) [23] [35]

Quality points deducted for sparse data and incomplete
reporting of results

Low000–24Diethylpropion v placeboWeight loss1 (69) [36]

Quality points deducted for sparse data and incomplete
reporting of results

Low000–24Diethylpropion v placeboAdverse effects1 (69) [36]

What are the effects of bariatric surgery in adults with morbid obesity?

Quality point deducted for inclusion of observational
data. Directness point deducted for restricted popula-

Low0–10–14Bariatric surgery v non-surgical
treatments

Weight loss5 (3757) [37]

tion (predominantly white women) that may affect
generalisability of results

Quality point deducted for incomplete reporting of re-
sults

Moderate000–14Gastric bypass v vertical band-
ed gastroplasty

Weight loss5 (351) [37]

High00004Gastric bypass v gastric band-
ing

Weight loss2 (238) [37] [39]

Quality point deducted for sparse dataModerate000–14Gastric bypass v biliopancreatic
diversion

Weight loss1 (60) [40]

Quality point deducted for sparse dataModerate000–14Gastric bypass v sleeve gastrec-
tomy

Weight loss1 (32) [37]
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Weight loss, mortality, adverse effectsImportant outcomes

CommentGRADE
Effect
size

Direct-
ness

Consis-
tencyQuality

Type of
evi-

denceComparisonOutcome
Number of studies

(participants)

Quality point deducted for incomplete reporting of re-
sults

Moderate000–14Proximal v distal gastric bypassWeight loss3 (296) [41] [42] [43]

Quality points deducted for incomplete reporting of
results and for not carrying out a between-group statis-
tical assessment

Low000–24Open v laparoscopic gastric
bypass

Weight loss3 (309) [37]

Quality points deducted for incomplete reporting and
not carrying out a between-group statistical assess-
ment. Consistency point deducted for different results
for different outcomes and at different time frames

Very low00–1–24Gastric banding v vertical
banded gastroplasty

Weight loss3 (259) [37] [50]

Quality point deducted for sparse data. Directness
point deducted for inclusion of people who were not
morbidly obese, which may affect generalisability of
results

Low0–10–14Gastric banding v sleeve gas-
trectomy

Weight loss1 (80) [37]

Quality points deducted for sparse data and incomplete
reporting of results

Low000–24Open v laparoscopic gastric
banding

Weight loss1 (50) [37]

Quality points deducted for sparse data and for not
carrying out a statistical assessment

Low000–24Open v laparoscopic vertical
banded gastroplasty

Weight loss1 (30) [51]

Type of evidence: 4 = RCT; 2 = Observational.
Consistency: similarity of results across studies.
Directness: generalisability of population or outcomes.
Effect size: based on relative risk or odds ratio.
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